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ABSTRACT

An investigation of the fatigue performance test scatter in titanium alloys and steels has
been made with the intent of identifying their variability in terms of a distribution and its
shape parameter. The two-parameter Weibull distribution was selected for matching the
fatigue variability of these two materials. About 1200 groups of titanium alloy and 800 groups
of steels were collected and analyzed to determine the feasibility of establishing a typical dis-
tributional Weibull shape parameter for these materials. A Weibull distribution shape para-
meter of 3.0 is suggested for titanium alloys and those steels with a 240-ksi strength level or
less. Steels having greater than a 240-ksi strength level seem better represented by a shape
parameter of 2.2. In a further study, the choice of a distribution most aptly matching fatigue
variability was explored with the use of previously collected extensive aluminum alloy and the
titanium alloy data. The behavior of these data was compared to that of equivalent log-
-normal, two-parameter, three-parameter, or a devised “symmetric”” Weibull distribution.
Monte-Carlo simulation was used to form empiric distributions from parent analytical popula-
tions. These distributions were then compared to the distributions of the collected fatigue test
data, keeping the simulated data group sizes and number of groups the same as those for the
test data. No appreciable difference between data and the selected equivalent theoretical dis-
tributions is evident for probabilities of failure in the range of 0.05 to 0.95. For a failure like-
lihood less than 0.05 the Weibull distribution seems more representative of the data extremes.
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ABBREVIATIONS

E mathematical expectation

exp  exponential function

In natural logarithm

log common logarithm
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n number of identical specimens or details in fatigue test group

S experimental data sample standard deviation

t cyclic fatigue life of a test specimen or detail

X; log cyclic life of a fatigue-tested detail

X log) g mean cyclic life
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(o Weibull distribution shape or scatter-controlling parameter

B Weibull distribution scale parameter or characteristic life to crack initiation
M mean of normal distribution of x;

o shape parameter of the normal distribution of x;, i.e., the standard deviation
02 variance of normal distribution of x;
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SECTION I

INTRODUCTION

Premature or unexpected initiation of fatigue damage in the structural system of an air-
plane fleet can be a serious detriment to the operational use and availability of that fleet. To
minimize the influence of this variability in structural fatigue performance, a scatter factor is
generally applied to nominal, representative, mean, or median data to ensure or obtain a
reliable estimate of some level of minimal fatigue performance. Hopefully, a goal of even no
fatigue damage initiation may be contemplated in the process of applying the scatter factor.

Judgment and/or probabilistic considerations have generally guided the selection or
development of these scatter factors. The application of reliability analysis techniques to
placing lower bounds on the initiation of fatigue damage requires the definition of the distri-
butional characteristics of fatigue scatter in materials and their structures. The log-normal and
Weibull distributions have been used in the past to resolve these probabilistic features of relia-
bility analysis. Actually, the central characteristics of fatigue variability can be reasonably
identified with a few fatigue test specimens at some level of confidence by presuming the
identification of the distribution and its shape parameter. However, fatigue testing in itself is
complicated and expensive in time and dollars. Hence, the positive identification of the distri-
bution, that truly identifies fatigue variability over the entire range of scatter likely to occur
in a material, becomes a formidable or impossible task under the usual circumstances of the
design phase. Furthermore, the initial appearance of fatigue damage in a fleet of aircraft trig-
gers unanticipated action including a fleet-wide special inspection, continued fleet surveillance,
repair, or rework that may even penetrate back to the production line in certain circumstances
until the difficulty is resolved.

In an approach to the application of reliability analysis procedures to fatigue perform-
ance assessment, reference 1 introduces the concept of order statistic or “first” failure in a
fleet or group of parts. Instead of design evaluation to merely a probable level of fatigue per-
formance at a selected confidence level, a reliability goal is suggested to identify the occur-
rence likelihood of the first, or immediately successive, fatigue crack initiation in the fleet of
aircraft. Application of this procedure really needs identification of the distributional char-
acteristics of fatigue performance over both the central and the extremely remote lower limits
of fatigue behavior. By examining large quantities of available fatigue test data and accounting
for sampling errors (i.e., limited numbers of identical specimens identically tested) some
guidance may be obtainable in the selection of both the basic distribution and its shape para-
meter to represent fatigue variability. The variability in aluminum alloy was studied in refer-
ence 1, while this work presents the results of a review of the variability in titanium alloys and
steels and an investigation to determine the likely distribution and its shape parameter.



SECTION 11

EVALUATION OF SCATTER IN TITANIUM ALLOY
AND STEEL FATIGUE DATA

Fatigue variability in structural titanium alloys and steels, as demonstrated by existing
test data, was examined in this study with the intent of identifying a representative distri-
bution and its likely shape parameter for application to the reliability analysis system devel-
oped in reference 1. The scope of this investigation has been limited to a fairly thorough,
though not exhaustive, survey of the available literature.

Approximatély 40 references on titanium and a similar number on high-strength steel
were found to contain suitable data. These data amount to approximately 1200 groups of
titanium and 800 groups of steel results. The selection of the data has followed the guidelines
outlined in reference 1 in that information was limited to those test data which had similarity
with aircraft structural applications. Consequently, results from the considerable amount of
information on unnotched specimens or rotating beam tests have not been included in the
studies.

These selected data, which have been summarized in appendix II of this report, were
subjected to statistical analysis using the “first-two-ordered-failures estimator’’ described in
reference 1. This estimator, which is both simple and speedy, was used because of the large
amount of data for analysis. The task involved the computation of a shape parameter for each
of the hundreds of data groups investigated, the determination of the cumulative frequency
distribution of the shape parameters, and the calculation of the weighted mean value of the
shape parameter of each set of pooled data. The weighted mean value was used to take into
account the variation in sample sizes within each pooled data set. Reference 1 has shown that
this estimator, when used to analyze a mass of data to obtain a central-tendency value of their
shape parameter, is capable of giving an answer which is quite comparable with that obtained
by using a “maximum likelihood estimator.” The results of the statistical analysis are pre-
sented in figures 1 through 14 and tables I through V.

The initial discussion will be limited to the titanium results. As mentioned earlier,
approximately 1200 selected groups of data were collected and analyzed. The reporting period
for these data ranged from August 1958 to July 1969 and is believed to be fairly representa-
tive of current titanium structural applications. The data were limited to the two common
alloys of Ti-6Al-4V and Ti-8Al-1Mo-1V in the mill-annealed, duplex-annealed, solution-
treated-and-aged, and solution-treated-and-overaged conditions for the former and the mill-
annealed, duplex-annealed, and triplex-annealed conditions for the latter. For the initial ana-
lyses, no distinction was made for the various conditions but all data simply pooled according
to alloy type. Figure 1 illustrates the similarity in the scatter of the two alloys by comparing
the cumulative frequency of the shape parameter estimates from 541 groups of Ti-6Al-4V
against that obtained from 586 groups of Ti-8Al-1Mo-1V. It is noted that the Ti-6Al-4V alloy
tends toward slightly larger scatter, as the distribution curve lies consistently to the right of
the Ti-8Al-1Mo-1V curve. The result, as shown, is that the weighted mean value of shape para-
meter of the Ti-6Al-4V data is slightly larger than the weighted mean value for Ti-8Al-1Mo-1V.



These two groups of data were then pooled, so that material alloy distinction was lost
before subdividing into the specimen-type groups identified in figure 2. It can be seen that the
variation between the results from 637 groups of monolithic notched data and 488 groups of
simple structural simulator specimens is marginal, with the notched data having slightly lower
scatter at the low percentiles but also fractionally more scatter at the higher percentiles. The
net result is that the weighted means of both groups are virtually identical.

A test was next conducted to determine the effect of fatigue testing at room tempera-
ture, at elevated temperature, or at lowered temperature. However, insufficient data of the
latter category were analyzed, so the results plotted in figure 3 compare only room tempera-
ture and elevated temperature fatigue data. This study demonstrates that both data groups are
comparable, except for the higher percentiles where the elevated temperature curve falls away,
indicating slightly higher scatter. This fall-off is reflected in the higher weighted mean shape
parameter of the elevated temperature data. It should be noted that the 825 groups of room
temperature results contain almost three times the information contained by the 279 groups
of elevated temperature data and conceivably could account for the variation noted.

The next test studied range of cyclic life as the parameter, and the results are shown
plotted in figure 4. The constant-amplitude fatigue test data were subdivided into five groups
based on cyclic life. Four of these groups are identified in figure 4. The fifth group, which
contained low-life data (i.e., <103 cycles), did not contain sufficient data to arrive at a mean-
ingful result and so was not plotted. An undesirable trend is evident from this figure, namely
that scatter increased with increasing life. This trend, which has been frequently reported in
the literature, was not observed in the study on aluminum, see figure 5, which shows scatter as
fairly constant regardless of life range. Returning to the titanium results, it is noted that curves
(a) to (c), although different from each other, are closer together than curve (d), which shows
very large scatter. Therefore, it was decided to delete the data contained in this group from
the total data sample, to negate the influence of this higher life, large-scatter sample.

Table I compares the weighted mean shape parameter values resulting from the series of
tests mentioned previously. The column of results on the left is based on the total analyzed
data, whereas the column on the right excludes the 111 groups of data which contained
fatigue results with cyclic lives exceeding 4 - (1 0)5 cycles of constant-amplitude loading. As
expected, the right column shows lower values of scatter. Figure 6 compares the results from
all the data against the results when data were restricted to less than 4- (10)5 cycles. It is
obvious that the latter case has the lower scatter. It was also noted from the table I results that
the individual values of the mean shape parameters were closer together for the restricted data.
The comparison of room temperature and elevated temperature results, figure 3, had shown
the most discrepancy. Consequently, this same comparison was made, using the restricted data
sample, and plotted on figure 7. Comparing figure 3 with figure 7 shows that in the latter case
the two plotted curves are closer together, that they have both shifted to the left, and that the
difference in the weighted means is reduced.

During extraction and summarization of the titanium data it was observed that data ref-
erence 232 (see appendix II) contained constant-amplitude fatigue test results for different



stages of fatigue damage. It was decided to give this reference a closer scrutiny and to analyze
the results separately. Four items of information were obtainable from the tabulated results.
These were:

e Number of cycles to initial, minute crack

e Number of cycles to repropagation of the crack of predetermined size, when the
test was recontinued at a lowered maximum stress level

® Number of cycles to total failure
® Increment of cycles between start of crack repropagation and specimen failure

Weibull shape parameter distributions for these four conditions are plotted in figure 8 as
curves (a), (b), (c), and (d), respectively. The data for curve (a), scatter to initial crack, were
grouped according to the test load and crack length. Within these groups, individual crack
lengths differed by less than 0.001 in. The data for curve (b) were considered as an independ-
ent set representing “initial failure” of a specimen with a fatigue crack. It should be noted that
the data for curves (b) to (d) were grouped according to test load level and nominal crack
length, and differences in initial crack length up to 0.02 in. were observed. As the sampling of
data was so small, no attempt was made to determine a mean value of shape parameter, and
figure 8 is presented simply to illustrate the trend of the data. It can be seen that the scatter in
times to initial cracking of the uncracked specimens, curve (a), is considerably lower than the
scatter in times to crack repropagation of the specimens containing small fatigue cracks, curve
(b). However, scatter in times to failure of these precracked specimens, curve (c), is quite simi-
lar to that for initial cracking of the uncracked specimens. This “coming-together” of these
scatter curves when scatter at the intermediate stage was so large could be explained if the
scatter of the increments of life during crack propagation to failure was lower than the scatter
in lives to initial cracking. Curve (d) shows this to be exactly the case. It would appear from
this survey that scatter during separate phases of fatigue life can be quite different, but at the
same time these phases are not independent of each other.

A somewhat smaller amount of data has been analyzed on high-strength steel, in current
use, than for the titanium investigation, but nevertheless certain similar trends have become
apparent. The results obtained have been plotted on figures 9 through 14 to provide illustra-
tion of these trends, and the weighted mean shape parameters are tabulated in tables 11 to V
for reference.

Figure 9 compares three common categories of high-strength alloys. It should be noted
that the plotted curves do not have the same degree of confidence, as they were generated
from quite different amounts of data. For example, the austenitic stainless steel curve was
based on estimates from 48 groups, whereas the stainless steel curve was obtained from 314
data groups. However, the plots are presented to demonstrate the trend of alloy variability.
Moreover, if the study had been limited to those categories containing at least 100 groups of
data the trend would be unaltered, as the alloy and stainless steels show similar levels of scat-
ter but the 18% nickel maraging steel demonstrates a larger amount of scatter. The grouping of
the curves indicates several levels of scatter, the lowest coming from the austenitic stainless
steels and the highest from the nickel maraging steels. The remaining alloys investigated, such



as alloy steel, intermediate alloy steel, stainless steel, and superalloys were noted to fall
between these two extremes, see table II.

It was noted in figure 9 that the alloys which tended toward the lower strength level had
a tendency toward lower scatter, and those of a higher strength level toward higher scatter. It
was therefore decided to conduct a test based on strength level only, in which the identity of
the alloy was unimportant. Figure 10 plots the results of this test, and it is immediately appar-
ent that the earlier conjecture was indeed correct and that scatter increases with increasing
strength level. Again, as in the preceding figure, the extremes and an intermediate distribution
of scatter have been plotted for illustration, the lowest for steels below 160-ksi ultimate
strength and the highest for steels above 280-ksi ultimate strength. It should be noted that the
curve showing least scatter had the smallest sample size and consequently appears rather
erratic. However, it is believed that the trend of the curve is reliable and can be compared with
the other plotted curves and the values given in table II.

Figure 11 looks at scatter as a function of cyclic life under constant-amplitude testing.
The resultant trend shows that scatter increases with increasing cyclic life. This is the same
conclusion reached in the titanium study described earlier, and, as mentioned before, is in
contradiction with the aluminum results.

Variations of the shape parameters with type of steel, strength range, and cyclic life are
presented in tables III through V. Table III shows typical shape parameters for high-strength
steels varying with three strength ranges. It can be seen that there are no definite trends for
the variations in scatter with the type of steel within these strength ranges.

Table IV compares the typical shape parameters for stainless steels varying with strength
and life. The trend shows that scatter increases with increasing cyclic life, as was shown for the
total group of steels in figure 11 and table II. A similar trend for increasing scatter is also
shown for the two strength ranges indicated.

Table V shows the breakdown of scatter with cyclic life for steels with strengths below
and above 240 ksi. It is shown that cyclic life is definitely a parameter in both strength ranges.
However, there appear to be appreciable differences between the shape parameters for the
same life range, excluding lives >4-(10)5 cycles, in these strength ranges. These observed
trends should be investigated further.

Figure 12 illustrates the comparison between the monolithic notched data and those of
simple joints. The latter curve contains approximately half the data of the former but never-
theless shows a similarity to it. The weighted mean values given in table II also show agree-
ment, and it can be concluded that this is not a parameter that needs much consideration.

During analysis of the steel data, it was observed that data from reference 303 con-
tributed excessively to the shape parameter for the elevated temperature data. Figure 13
shows the effect of the 15 groups of data in reference 303 on the cumulative frequency distri-
butions of all elevated temperature data (130 groups). Because of this large increase in scatter
contributed by such a small group of data (i.e., = 9% of total), reference 303 is currently
omitted from the existing steel fatigue data bank.



Figure 14 also compares the room temperature results against those given by elevated
temperature data. It can be seen that there is a disparity in sample size, with the room temper-
ature data sample considerably larger. However, the two distributions plotted are fairly simi-
lar, as are their weighted means, and therefore this would not appear to be a major parameter
for further consideration.

The conclusion to be drawn from the preceding discussion is that the investigation has
revealed a few uncomfortable, although not entirely unexpected, problems. Scatter was
observed to be influenced by cyclic life for both titanium alloys and steels. The latter material
also tended to vary with type of steel and/or strength range. However, a central tendency
value for the shape parameter for titanium would appear to be a = 3.0, with the exception of
the long-life, constant-amplitude data, i.e., lives >4-(10)5 cycles. Most current structural
components, when subjected to some equivalent constant-amplitude cycle such as a ground-
air-ground cycle, perform below this level of life. Details such as turbine blades, rotor blades,
etc., are obviously not included. It is suggested, therefore, that a shape parameter of o= 3.0
will cover most titanium applications.

Steels apparently need to be treated in a different manner. It has been shown that the
shape parameter is influenced by both strength level and life length. Therefore, no unique
value such as that suggested above for titanium or in reference 1 for aluminum can be justi-
fied. However, again limiting the application to lives below 4 - (1 0)5 cycles, it might be suf-
ficient to assume a minimum of two shape parameters, see table 11, as follows:

a = 3.0 for steels with ultimate strength < 240 ksi

a = 2.2 for steels with ultimate strength > 240 ksi



SECTION III

EVALUATION OF DISTRIBUTION MODELS FOR FATIGUE VARIABILITY

Another item of investigation has been directed toward the further definition of the dis-
tribution model for representing structural fatigue performance variability. Because of the lack
of large samples of data suitable for definition of the basic fatigue variability distribution, and
the associated initial appearance of fatigue damage in a large number of details, as may be
found in a fleet of aircraft, attention is focused on the possible use of many groups of data
with only a very small number of details in each group. The tacit assumption is made that all
groups of qualified data, especially full-scale structures, represent random selections from
some general distribution which has a unique shape parameter (reference 1). The scale or loca-
tion parameter varies from group to group. No single group of available fatigue data is large
enough to indicate the “Right” or “Wrong” distribution over a wide range. Therefore, the
hundreds of groups of collected, sorted, and qualified data must be combined in some way
that will be independent of the scale parameters. To account for sampling errors, the behavior
of the actual data must be compared with the behavior of an equal mass of data generated
from the candidate distribution functions. One way to accomplish this in general applications
is by resorting to Monte-Carlo simulation techniques.

The specific approach used for this study was based on the sample statistic:
y;=n/(n-1) (x;-X)
where n = complete, uncensored sample size (i.e., no censored samples acceptable).

X

g = logloti, with ti=ith fatigue life

X (l/n) EXI

This statistic y is the specimen deviation and has been adopted because it possesses several
desirable properties. These are:

e It is fairly simple
e It has scalar invariance
e It has similar shape parameter as x

®  When x is normal with parameters (u and o) then y is normal with parameters (zero
and o).

2 2

e If x has variance 04, then y has variance ¢~.

This is proved in appendix 1.



The calculation of the statistic, y;» and the development of the cumulative frequency
distribution of that statistic, was computerized to minimize the manual work. To judge the fit
of the test data to a specific type of theoretical distribution, a Monte-Carlo simulation tech-
nique generated equivalent “empiric’” cumulative distributions from populations of the
matched theoretical distribution. In order that these generated curves should represent similar
levels of sampling error as those contained in the fatigue data, they comprise groups of obser-
vations of identical size and number as those contained in the real data. For example, if the
fatigue data contained 500 groups of two specimens each, 400 groups of three specimens each,
and 200 groups of four specimens each, giving a total of 1100 groups and 3000 specimens,
then similar samplings comprising 3000 random observations would be taken from the defined
distribution to generate the “empiric” curve. Breakdowns of the group sizes of the actual
fatigue data studied are given in tables VI and VII.

The initial attempt at this procedure was made using the aluminum full-scale structural
data of reference 1. These comprised 392 uncensored groups containing 1140 specimens rang-
ing from large structural panels to complete structures. These specimens were subjected to
testing procedures varying between simple constant-amplitude and complex variable-amplitude
test loading. The heavy line in figures 15 and 16 represents the cumulative distribution of the
1140 calculated specimen deviations (y; values). Emphasis is focused on the lower half of the
distribution. The two-parameter log-normal and Weibull distributions were used to generate
the empiric distributions shown superimposed on the data curves in figures 15 and 16, respec-
tively. In order to randomly sample a theoretical distribution which was equivalent to the
fatigue data distribution, the parameters defining both statistical models were established from
the test data results. The average of 10 separate runs through the sampling process, i.e., 10
separate sampling distributions from a log-normal population, is shown in figure 15. The
dotted lines represent the upper and lower limits resulting from the 10 samplings. It can be
seen that below the fifth percentile, the data and empiric curves diverge with the latter becom-
ing more and more unconservative. For comparison, figure 16 shows the results of a similar
sampling from a Weibull population. This shows a much better agreement at the lower extrem-
ities, and the data curve is seen to be encompassed by the upper limit of the 10 samplings. At
probabilities above the 5% level, both the log-normal and Weibull models perform adequately,
although it is noted that the latter remains in fractionally closer proximity with the data
curve.

The next study was limited to the collected and qualified aluminum variable-amplitude
data. Only those data noted to have scatter similar to that found under structural applications
were used. These comprised test results ranging from simple notched specimens to complete
structures subjected to either axial or flexural loading. A total of 210 uncensored groups con-
taining 1023 specimens were used to define the solid data curve shown in figures 17 and 18.
The same procedures described in the preceding paragraph were used to generate the empiric
log-normal and Weibull curves shown superimposed on the data in figures 17 and 18, respec-
tively. It can be seen that the same trends noted previously for structural data are repeated in
the case of the variable-amplitude data.

The mass of aluminum fatigue data qualified as acceptable (reference 1) and comprising
1374 uncensored groups containing 4952 fatigue test results have been analyzed and are
shown plotted in figures 19 and 20. Superimposed are the generated empiric log-normal and
Weibull curves. It should be noted that the 10 samplings used to obtain these curves represent



almost 50,000 random observations from each distribution model. Once again, the improved
data fit obtained from the Weibull population is obvious, being noticeably better than the
log-normal curve at the lower tail and marginally better at the higher percentiles.

The preceding plots of fatigue test data distributions consistently display a hooking
characteristic at the extremities. Consequently, some effort was expended on determining the
nature of the test data comprising these tails. The test groups which contained fatigue obser-
vations at the tails had to be identified and studied for some indication of a consistent trend in
the wide scatter exhibited by these data. Approximately 12% of the total collected data
groups contained observations forming the distribution tails, of which about 7% reflect simply
larger than average scatter, while the other 5% were split almost equally between data con-
taining either low-time or high-time outliers. These higher scatter data groups were also noted
to be independent of material type, specimen configuration, or method of testing and were
obtained from a variety of sources. Because there was no apparent systematic idiosyncrasy
reflected in these data, it was decided that one further test be conducted.

The distribution of results from the full-scale aluminum alloy structural data has been
replotted in figure 21. A total of 18 of the 392 groups represented in the data curve were
found to contain observations that might be termed as either high-time or low-time outliers. It
could be argued that these data may represent samples from different populations and as such
might be biasing the investigation results. These 18 data groups were consequently deleted and
the remaining 374 groups reanalyzed using the same statistic described earlier. Figure 22
shows the distribution of results obtained after deletion of the outlier groups. The equivalent
distributions generated by sampling from a two-parameter Weibull and a log-normal popula-
tion are compared with the data results. Comparing figures 21 and 22 it can be seen that with
the omission of the 18 suspect groups the Weibull model becomes an even better representa-
tion of the data distribution, but the log-normal model still remains unconservative. It is also
interesting to note that the deletion of these few data groups (= 5% of the sample) resulted in
a lowering of the sample standard deviation, s, from the original value of 0.172 to a new
value of 0.148.

Note that:

s ~ (J1/(fi - 1) 0 where i = average number of specimens per group of m groups.

It can be concluded, therefore, that this further study has substantiated the earlier results
in reference 1 for aluminum alloy.

The preceding results have all demonstrated the poor correlation at the extreme tail
between the distribution of fatigue data and the distribution predicted by the log-normal
model. The correlation with a two-parameter Weibull distribution was notably better. These
observed trends can be further substantiated by available test data. Figure 23 is a copy of
figure 19, except that the lower tail of the data distribution has been isolated. Curve A is the
log-normal estimate based on all the fatigue data, see figure 19, but curve B could be the
expected prediction if only the data within the heavily outlined box were considered. The
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ratio of the slopes of these two curves is approximately 2:1. In other words, the shape para-
meter based on the data extremes only will be approximately twice the expected value. Con-
sider now the test results of reference 2, where both central tendency and extreme fatigue
data were generated. With the assumption of a log-normal distribution the following ratios of
shape parameters were obtained (table VIII):

Shape parameter for data extremes _0.098
Shape parameter for central tendency data 0.051

(case 1); %-12- (case 2)

It is obvious from these results that the expected trend described in figure 23 is indeed
the case, and that the log-normal model is sensitive to the statistical nature of the test data.
Furthermore, this overestimate of the shape parameter (extreme data) results in estimates of
the scale parameter which are also too high, see table VIII. It should be noted that because of
specimen size and machine availability the data extremes were generated at approximately 300
cpm, whereas the central tendency data were obtained at 1800 cpm. Consequently, from data
in reference 3 it was expected that:

Scale parameter for data extremes < scale parameter for central tendency data

Consider now the results obtained with the assumption of a two-parameter Weibull distri-
bution. From figure 20 it can be seen that this model is capable of a fair representation of the
fatigue data, and therefore should not be unduly affected by the statistical location of a data
sample. Once again, this trend is substantiated by the test results of reference 2 summarized in
table VIII. The shape parameter estimates of extreme and central tendency data are within
7-1/2% of each other at worst; also, the predicted scale parameters of the extreme data tests
are slightly below the central tendency results and so conform with the frequency trends
established in reference 3.

Figure 24 shows once again the distribution of the 4952 test data. Superimposed are the
averages of 10 Monte-Carlo simulations from equivalent log-normal, two-parameter Weibull,
and three-parameter Weibull distributions. The minimum life term of the three-parameter
Weibull was arbitrarily selected at approximately 10% of the characteristic life for this study.
Note the generally similar behavior of all three distributions at the high percentiles and the
general divergence from the fatigue data. It is also noted that the fatigue data follow a some-
what symmetrical S shape, which the two-parameter Weibull fits fairly well except at the
upper tail. Therefore, the possibility of modifying the Weibull distribution to reflect the
symmetry of the fatigue data was considered. A first attempt at this was done by accepting
the lower 50% of the Weibull distribution and replacing the upper 50% by the mirror image of
the lower half.

The cumulative frequency function of this distribution is defined in terms of the median
time to failure, as follows:

F(x) = 2" (X/M) = o-In2(X/M) Ghen x < M
and

F(x)=1-2-M/X) = | - In2(M/X) when x > M



This failure model is noted to be one of a class of distributions in which the logarithms of
the observations have distributions which are symmetric about zero. Some initial work on this
distribution model will be reported in reference 4.

Figure 25 shows the distribution of the 4952 qualified aluminum fatigue test data. Super-
imposed are the results of 10 Monte-Carlo simulations from an equivalent ‘‘symmetric-
Weibull” population. It can be seen that the shape of the “empiric” curve is approaching that
of the fatigue data but is insufficiently skewed to overlap the data. Some additional work will
be necessary to determine the feasibility of incorporating a rotation parameter in this distri-
bution model.

Finally, figures 26 and 27 describe the distribution obtained from 983 groups of col-
lected and qualified titanium fatigue data. These groups contained a total of 2715 test speci-
mens and were grouped as shown in table VII. The superimposed empiric curves show the
same trends observed with the aluminum data, namely, the improved fit obtained from the
sampling of an equivalent two-parameter Weibull population over that obtained from an equiv-
alent log-normal population.
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SECTION IV

CONCLUSIONS

A statistical study of the scatter in titanium alloy and steel fatigue test data has been
made to guide the selection of a distribution and its shape parameter for application to a
fatigue reliability analysis approach. The merit of the particular distributional models was
judged by the comparison of cumulative frequency distributions of the test data and the range
of 10 similar-sized empirical distributions selected by Monte-Carlo techniques from the
analytical distribution function population matched to the data.

The study on the scatter in titanium and high-strength steel fatigue performance data was
limited to: :

e Current, structurally applicable alloys

e The notched configurations, including monolithic notched and simple structural
simulators such as lap and butt joints

e Axially loaded or flexurally loaded tests
e Constant-amplitude or variable-amplitude tests

1. The results of the investigation have demonstrated that the estimated mean shape para-
meters are sensitive to:

@ Range of cyclic test life—both titanium and steel show that scatter increases with
increasing test life

e Range of strength—the steel data show an increase in scatter as the material’s
strength increases

e Type of steel

2. The results of the investigation have also demonstrated that the estimated mean shape
parameters are relatively insensitive to:

e Type of specimen, whether simply notched or a structural simulator
® Test temperature, whether at room or elevated temperatures
3. Average values of the Weibull shape parameter have been tentatively suggested as:

e « =3.0 for titanium applications



e o =3.0 for steel which has an ultimate strength < 240 ksi
e « = 2.2 for steel which has an ultimate strength > 240 ksi

but should be treated with a degree of caution because of the interdependence of scatter
with cyclic life.

Both the log-normal and the two-parameter Weibull distributions are capable of describ-
ing the fatigue data between the fifth and 95th percentiles.

In the important region of the early failure, i.e., below the fifth percentile, the log-
normal model produces an optimistic assessment of the fatigue data distribution.

The two-parameter Weibull model is capable of an acceptable representation of the
fatigue performance data distribution below the fifth percentile.

Above the 95th percentile, the log-normal, the two-parameter, and the three-parameter
Weibull distribution all produce conservative assessments of the fatigue data.

A modification to the Weibull distribution, introducing a mirror image about the median
time to failure, gives promise of being able to describe fatigue data over the complete
range.

13



REFERENCES

I. C. Whittaker and P. M. Besuner, A Reliability Analysis Approach to Fatigue Life
Variability of Aircraft Structures, AFML-TR-69-65, March 1969.

I. C. Whittaker, and J. J. Gerharz, A Feasibility Study for Verification of Fatigue
Reliability Analysis, AFML-TR-70-157, August 1970.

W. J. Harris, Metallic Fatigue, Pergamon Press, 1961.

S. C. Saunders, “A Family of Random Variables Closed Under Reciprocation,” (to
appear: Journal of American Statistical Association).



SL°0

wniueyl |

—SadA uaw12ads 158 1Ud13441d
104 si91aweled adeys [8204d123Y
/INQI3/| 8y JO Sa1ewisq paniasqO
40 su01INqLIISIJ 3yl o uosiiedwo) g a4nbl

(0/1) 1918wedsed adeys |ed0.d19al ||NQIBN

0S0

sz’o

e
==

(swutol 13nq ‘syutol dej) sdnoub g8y
‘sjole|nwis [eamonuls ajdwig

sdnoJb /£9 ‘payd10u d1YI|OUo

e1ep Paydlou J1y}I|ouoW 4O UBI|\

e1ep JO1B|NWIS |BINIONAS JO UBB|\

0S

00l

(%) Aouanbaly aane|nwny

SL°0

sAoj|y wnyueyl Joley
oM 104 S193Weled adeyS [e204d198Y

/INQI3 ) 3Y3 JO Salewi3sy paniasqQ
40 suonINGL3sIg 8yl Jo uosliedwo) | ainbi4

(/1) 4918weued adeys |eooid10al ||NGIaMN

0S50

S¢0

sdnoib 98G ‘AL-ONL-IV8 wniuel |

sdnoub | G ‘Ap-1v9 wniuell |

e1eP Ap-IW¥9 WniueI JO uesy

€18 AL-OW L-IV/8 WnueIn Jo ueapy

0S

0ol

(%) Aouanbaiy aane|nwind

17



wniueyl
—8/17 153/ JO sabuey snoliep

104 si8]aweled adeys [20.1d193Y
1INqIam ayl1 o sajew11s3 paniasqQ

#0 sU01INq1IISIQ Y3 JO UOSIIEAUWO) “t 94nbI

(0/1) 1818wWe.sed adeys |eooadidas ||Ngiap

SL°0 050 SC0

f T 1

LEL GOl vl @ e ™

697 gloL) - vy (0L) - 9 (2)

e p(OL) « 901 ==--mmem @)

oLl OOl —-—— (o)
sdnoJb jo "oN abueu 2110A9

ool

(%) Aouanbauiy anne|nwny

wniueyry

—Sainjesadwa 153 1uaiayyIq

104 s1819Weled adeys [e204d100y
1INqIaM 3yl 40 sajewssy paniasqo

40 SUOIINGLIISIg 8y] o uosiieduw o) g a4nbl

(0/1) 4918weued adeys |eooidi2al ||NgIapy

SL0 0S0 S¢0

I T . " T

e1ep ainiesadwal paleAs|a o uealy
elep ainjesadwal WoOJ JO US|

sdnoub 6/ ‘eiep ainjesadws) palens|y --------

sdnoJb Gzg ‘elep ainjesadway wooy

0§

ool

(%) Aouanbaiy annenwngy

18



100

&
>
Q
&
b} s
g 50}
[+ ;':. ;
£ i/ / .
® /.- Cyclic range No. of groups
> 5
E F /
3 Y s 10410° 57
103-104 180
——e—a- 1046 (104 450
Saao s 6 (1044 - (10)° 451
e >4+ (10)° 83
L I
0 0.50 1.0

Weibull reciprocal shape parameter (1/)
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Table I1.—Results of Analyses Determining the Typical Shape Parameters

for Fatigue Performance of High-Strength Steels

All data
Data description
Number

of groups Lo e
Alloy steels 168 0.339 2.95
Intermediate alloys T 0.433 2.31
18% Ni maraging steels 113 0.485 2.06
Stainless steels 314 0.304 3.29
Austenitic stainless steel 48 0.207 4.83
Air melted 44 0.306 3.27
Vacuum melted 94 0.397 2.52
0-100 ksi 43 0.296 3.38
101-160 ksi 43 0.193 5.18
161-200 ksi 131 0.240 4.17
201-240 ksi 285 0.316 3.16
241-280 ksi 132 0.455 2.20
281-320 ksi 83 0.468 2.14
321-360 ksi = — —
Monolithic notched 488 0.368 2.72
Structures = - -
Structure simulators 282 0.322 30
Room temperature 613 0.354 2.82
Elevated temperature 115 0.392 2.55
Low temperature Negligible = ==
Constant amplitude 770 0.352 2.84
Variable amplitude Negligible = =
All data 770 0.352 2.84
102-103 cycles 143 0.157 6.37
103-10% cycles 127 0.267 | 3.75
10%-6+(10)% cycles 265 0387 | 258
6+(10%-4+(10)° cycles 189 0452 | 2.21
>4 +(10)° cycles 46 0.585 171
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Table IV.—Typical Shape Parameters for Fatigue Performance of Stainless
Steels Varying with Strength (i) and Life (ii)

Stainiess steels
Data descripti
" s e |
All data 314 0.304 3.29
(i) 0-100 ksi Negligible - -
101-160 ksi — = =
161-200 ksi 91 0.199 5.03
201-240 ksi 204 0.345 2.90
241-280 ksi - = -
281-320 ksi Negligible - -
321-360 ksi &= = -
(i) 102103 cycles 66 0.154 6.49
103-10% cycles 49 0.254 3.94
10%6+(10)4 cycles 109 0.361 577
6°(10)%-4+(10)° cycles 66 0.296 3.38
> 4+(10)° cycles 24 0.554 1.81

Table V.—Typical Shape Parameters for Fatigue Performance of High-Strength
Steels with Strengths Equal to or Less Than 240 ksi (i)
and Greater Than 240 ksi (ii)

All data
Data description Number - .
of groups
(i)  Strength < 240 ksi 502 0.285 3.51
102-103 cycles 08 0.159 6.29
103-10% cycles 72 0.236 4.24
10%.6+(10)% cycles 157 0.312 391
6 +(10)%-4+(10)° cycles 135 0.297 3.37
>4+(10)° cycles 40 0.516 1.94
(i) Strength > 240 ksi 215 0.460 217
102-103 cycles 45 0.154 6.49
103-10% cycles 43 0.309 3.24
10%.6+(10)% cycles 82 0.523 1.91
6+(10)-4+(10)° cycles 39 0.765 1.31
>4+(10)° cycles Negligible - -
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Table VII.—Titanium Alloy Data Sample

All data, N < 4.(10)° cycles
Groups in Specimens in Total specimens
data sample each group in data sample
520 2 1040
316 3 948
80 4 320
44 5 220
9 6 54
4 7 28
2 8 16
2 9 18
1 10 10
2 11 22
2 12 24
1 15 15
983 2715

Table VIll.—Comparison of Estimates from Extreme and Central Tendency Fatigue Data

Using Two Different Distribution Models

Maximum likelihood estimates of:

Shape parameter Scale parameter Remarks
Log-normal Weibull Log-normal Weibull
ag (44
Central tendency fatigue data 0.051 10.85 54,000 56,900
Drill entry
side holes
Fatigue data extremes 0.098 10.1 57,000 52,000
Central tendency fatigue data 0.082 5.55 49,100 53,250
Drill exit
side holes
Fatigue data extremes 0.181 5.26 59,500 50,200

Ref. AFML-TR-70-157 Aug. 1970 (Table 9)
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APPENDIX 1

PROOF OF DISTRIBUTION EVALUATION STATISTIC

Let £ be a class of functions defined as follows:

Y € Qiff  is a monotone increasing odd map of the real life onto itself which is
twice differentiable and such that

p' <y (D

Say that the log-life variate X is y-normal iff there exist constants «, » and a function
¥ € §2 such that

(1/e) ¢ (x-») ~ N(O,1) (2)

The idea is that for each prescribed stress level £, there is a function y, which depends
upon &, which is in £2.

Note that if the log-life X is Yy-normal as in (2), then
EX =¥,
var(X) = B[y™! (a2)12 = g () 3)
where Z is the standard normal variate, and
Ey2 (X-») =a?. (4)

The proof follows from (2) since X =v + x[z‘l (aZ) and ¢ being 1-1 and odd (then so is
its inverse), implying that Ex[/'l (aZ) = 0. The formulas (3) and (4) are immediate.

Lemma: If Xs; i-1, .. . ,n, are independent observations with mean u and variance 02, then

e Jn/(n-1) =R Flossif
are a set of dependent observations but with zero mean and variance o2,

Proof: Clearly Ey; = 0. Hence it is seen that

n
var(yi) = r—l_ri—_l var(xi ) i) = ﬁ var 2 <6lk - -11;) xk
1

2
__n b e, I
n-l[( n)+n2:|o 2
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Note that all the properties that are used in the calculation with the y’s are contained
in the more general definition:

n
Vi T T apXg
k=1
where
Zap =0 Za-z =1 a a
ik ) ik ) ik ki

In fact, the specification that has been made is
1
i = Jn/(n - 1)<6ik -;)
where ‘Sik is the Kronecker delta.
For given j=1, ... ,m make X i=1, ... ,n; be independent log-life variates which are

y-normal with mean »; but common shape parameter «. In order to eliminate the different
location parameters, consider the statistic

YIJ =\/nj/(nj'] Xij'x.j), l=1,...,nj, J=1,...,m

where the dot indicates the index being averaged over. Note that ¥ 5= 0 and consider the
sample variances

. N 2
2 _ 1 - . (xji - X.j)
i~ 2 OVt T ol
1 =1 i=1 J
"] n; - 1
y R | T, - PO
J =1 J
From the preceding lemma it follows that Es’. = 02 and hence

Y]

e s e i ek
Esxj (nJ 1)o /nJ.

Suppose that ¢ is the identity function, i.e., fatigue life is log-normal, then

20 /xi-x \2 2
var(sz‘) var . > (2—1) = var - x2 n; -1
Y] Ilj -1 J=] g nj = | ]

4
g 2(HJ-1) _ 204

(nj_1)2 nj-l'




Here use has been made of the fact that the squared deviation from the sample mean of
n; standard normal variates has a chi-square distribution with (n; - 1) degrees of freedom. It
is also recalled that the variance of a chi-square variate is twice tflle number of degrees of
freedom.

Therefore, in the case where fatigue life is log-normal, to obtain a minimum variance
unbiased estimate of 02 using s_., merely form

i’
m m
b 2 s
~y _ J=1 (nj' l)Sy-l _ ]=1 n_] Sx_]
== m
) (nj-l) b2 (nJ-l)
J=1 J=1

As a check that the estimate obtained is as claimed, form another estimate by putting all
Yij together to form

2 - P—,
Sy = (izjyij’}’)/znj

where y = ?.?yij/Enj = E ny ; =0. Now

1 J
m N s m
532/ - ;y%/znj = B n-J-l (Xu'x-j)2/ n;
ij v j =1 i=1 1 =1
2.2
mi nes=<: m
= 5/ oy
=1 ] =1

Note that Es% =02, Hence this is also an unbiased estimate of 02, but since

var(s%) = X L-) var ij /(Enj)2

j=1 nj -1
m n.z m 2
= 204 b3 nJ_l/(E nJ)
j:l ] _]=1
it is claimed that var(52) < var(sg) since
1 m n'2 2

e 4 e B (Zny)
S (-1 =1 N1

=1

which can be seen by cross-multiplication and applying Schwarz’s inequality.

41



APPENDIX II

LISTED VALUES OF FATIGUE-LIFE OBSERVATIONS
FOR ALL COLLECTED DATA (INCLUDING SOURCES)

TABULATED RESULTS

This appendix tabulates the item number, data reference, data description, and all the
individual observations from the collected fatigue data. The individual observation is categor-
ized as either a failed or a suspended item. Also listed on the output are the test sample size,
the number of failed items, and the number of suspended items. A 13-digit description code
(see below) is provided to catalog the variables of melting process, strength range, specimen
thickness, material, grain direction, type of structure, type of specimen, finish, type of load-
ing, and testing peculiarities.

The selection of reference numbers for the data sources is to some extent arbitrary. They
have been arranged so as to allow the addition of new sources to the data bank. Reference
numbers 200-300 have been reserved for titanium sources and 301-399 for steel sources. Ref-
erence numbers 1-199 were selected earlier for a data bank on aluminum alloy and reported
elsewhere (reference 1).

Finally, a complete listing of the data references is presented, and corresponds with the
REF column of the computer printout.

DESCRIPTION CODE
Column Number Variable Description
1 melting process
2 strength range
3-5 specimen thickness
6-7 material
8 grain direction
9 type of structure
10 type of specimen
11 finish
12 type of loading
13 test peculiarities

Possible Inputs for Description Code

Column 1—melting process

0 unknown
1 air melted
2 vacuum melted
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Column 2—strength range

unknown

0 to 100 ksi
101 to 160 ksi
161 to 200 ksi
201 to 240 ksi
241 to 280 ksi
281 to 320 ksi
321 to 380 ksi

N AW — O

Columns 3-5—specimen thickness (thickness of minimum or fractured material or
specimen diameter (10'3 inches))
000 thickness not known or variable

Columns 6-7—materials

01 2024-T3 bare

02 2024-T3 clad

03 2024-T3 EXTR

04 2024-T4 bare

05 2024-T4 clad

06 2024-T4 EXTR

07 none assigned

08 6061-T6

09 none assigned

10 7075-T6 bare

11 7075-T6 clad

12 7075-T6 EXTR

13 7075-T6 die-forged
14 7076-T6 bare

15 7076-T6 clad

16 7076-T6 EXTR

17 7079-T6 bare

18 7079-T6 clad

19 7079-T6 EXTR

20 7178-T6 bare

21 7178-T6 clad

22 7178-T6 EXTR

23 7076-T61

24 AlSI-301

25 A286 (fastener steel)
26 general steels (others)
27 DTD 687A Al alloy
28 2024-0 (annealed)
29 1100

30 DTD 363A

31 DTD 364B EXTR
32 DTD 683 (RR. 77) EXTR
33 DTD 546B clad



Columns 6-7 (continued)

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7o)
73
74
75
76
77
78
79
80

DTD 610 clad

normalized alloy steel (Swedish specification) < 100 ksi
AlSI 4130

AlSI 4330

AlS1 4340

300M

D6A

5Cr-Mo-V (H11)

9Ni-4Co-0.20C

9Ni-4Co-0.25C

9Ni-4Co-0.30C

9Ni-4Co0-0.45C

intermediate alloy steel (others)

Hastelloy X

Inconel X

Rene 41

superalloy steel (others)

2024 skin and 2024 stiffener

2024 skin and 2024 stiffener and other additional materials
2024 skin and 7075 stiffener

2024 skin and 7075 stiffener and other additional materials
7075 skin and 7075 stiffener

7075 skin and 7075 stiffener and other additional materials
none assigned

7178 skin and 7178 stiffener

7178 skin and 7178 stiffener and other additional materials
Ti alloy 6A1-4V mill annealed (condition 1) sheet

Ti alloy 6Al-4V mill annealed (condition 1) plate

Ti alloy 6A1-4V mill annealed (condition 1) extrusion

Ti alloy 6A1-4V mill annealed (condition 1) forging

Ti alloy 6Al-4V duplex annealed (condition V) sheet

Ti alloy 6Al-4V duplex annealed (condition V) plate

Ti alloy 6Al-4V solution treated and aged (cond:tion III) sheet
Ti alloy 6Al-4V solution treated and aged (condition III) plate
Ti alloy 6Al-4V solution treated and aged (condition III) extrusion
Ti alloy 6Al1-4V solution treated and aged (condition III) forging
Ti alloy 6Al-4V solution treated and overaged plate

Ti alloy 6AI-4V solution treated and overaged extrusion

Ti alloy 6Al-4V solution treated and overaged forging

Ti alloy 6Al-4V rolled sheet—continuously annealed

Ti alloy 8Al-1Mo-1V mill-annealed sheet

Ti alloy 8Al-1Mo-1V mill-annealed plate

Ti alloy 8Al-1Mo-1V mill-annealed extrusion

Ti alloy 8Al-1Mo-1V mill-annealed forging

Ti alloy 8Al-1Mo-1V duplex-annealed sheet

Ti alloy 8Al-1Mo-1V duplex-annealed plate

Ti alloy 8Al-1Mo-1V duplex-annealed extrusion
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Columns 6-7 (continued)

81 Ti alloy 8Al-1Mo-1V duplex-annealed forging
82 Tialloy 8Al-1Mo-1V triplex-annealed sheet
83 18% Ni maraging steel (200)

84 18% Ni maraging steel (250)

85 18% Ni maraging steel (300)

86 none assigned

87 2014-T6 hand-forged

88 7075-T6 hand-forged

89 7079-T6 hand-forged

90 AM 350

91 17-7PH

92 PH157Mo
93 17-4 PH

94 AM 355

95 15-5PH

96 PH B-8 Mo

97 custom 455 (fastener)
98 stainless steels (others)
99 alloy steels (others)

Column 8—grain direction

0 grain direction not known
1

2

3 none assigned

4

S

6 diagonal

7 other directions

8 longitudinal

9

short transverse

Column 9—type of structure
lugs

butt joint

lap joint

double shear

scarf joint

monolithic unnotched
monolithic notched
partial load transfer
structural components and full-scale structures
service airplanes

OO W»nbWN=O



Column 10—type of specimen

VooV Pph WD —~O

open holes

riveted

spotwelded

bolted

riveted and bonded
edge notched

pin connected
riveted and bolted
bonded

others

Column 11—finish

VoA np W —O

normal

shot peened

chemically milled

corroded

machine milled and polished
chemically milled and shot peened
chemically milled and polished
different etchants

others

heat treated

Column 12—type of loading

VoA WnMPD W —O

axial (comp-comp)

axial (other types)

bending flexural

bending rotating beam

torsion

spectrum (random)

spectrum (decreasing stress amplitude)
spectrum (increasing)

spectrum (up and down stress)

sonic fatigue

Column 13—test peculiarities

OO0 nNnph WO —O

complete failure—test at room temperature
first crack—test at room temperature

none assigned

none assigned

first crack—test with temperature cycles also
none assigned

complete failure—test at elevated temperature
first crack—test at elevated temperature
complete failure—test at lowered temperature
first crack—test at lowered temperature

47



00o02¢ey

00029 00091F  GOOte 4 02198 ocees
00008 00029 0oo6Y 4 os8rst 02519
0008292 0008¥2 0O0.871 3 0198 O£8EsS
000s6%  0008YT  0002L 4 sesul SL94$
00032t 00018 000€L 4 0osrsl o2si9
000:20€ 000099 00091 4 00002 00002
000099 00008 0008t 4 Dosz oose2
00000003 00000001 €
00099¢ 000637 00000007 O0CO000F 4 00002 00002
000692  0OOlY 0008t 4 0secie oseie
000202 00016 000¢9 4 0osez oose2
0000000 S§
GO000ST 000092 00200001 4 0S81 os.81
0002652 0000<61 00OSL 4 osere gs2ie
0002092 000.8T  000SEl  0odiet 4 00002 00002
00aLs 0o008¢E 0008t 4 009s2 000se
000v2%  OOOTI? 000801 4 0s2ie gs2ie
0000ST 00061t  0O00V6 4 09822 oos22
00020 000908 05039 4 000s2 ooase
0009€62 000023 0201l 4 o0gsz2 oose22
000I¥T 00062 0005S 4 090se 00052
0001y 0ooLg€ 000¢E 4 000s¢ 000SE
00D2s0. 000€69 000522 4 000se 0
00ove 00002 00089 4 0000t 0
000912 000¢se  000srl 4 000ve 0
000.8¥  000SST  DOOSYI 34 0o0se 0
00002 000sS 4 0000t 0
00086S  00069S  0OOvEl 3 o0os2 0
0006¥e  0O0Ov22 000022 4 0000¢ 0
00022 oooLs 0000S 4 000sE D
(144 S6 3 00000% 0
00000008 S
0008¥6 0000000 4 00SL2 0
000€L2 00018 000621 34 0000¢€ 0
0001€?  O0OOET?  0GO26 4 000s¢ 0
0008S 000.$ Goo6Y 4  0000Y 0
00060L% 00029€T 000¥Yl 4 0000¢ 0
000€SE 00O¥iE  0GCOIst 4 000s€ 0
000.¥T 00088 0oove 4 0000F D
0008y 000ty 000v¢ 4 0000$ 0
s.821 oose 4 00009 0
4y NV
($) J3INI4SNS MO (4) A3TNIv4 - viva S3ssIuLs
VIVd ANOILVA WNINVIIL

91009899€9500 002
91592899€5000 062
03199899£9000 002
01003899€9000 002
01009899€9000 002
91909899£9000 062
91009899€9000 002

91609899€9060 002
91009899€9000 002
91009899€9000 002

91009899€9000 002
915096899€9000 002
91909899€9000 Co2S
S1009899€9000 0G2
91009839€95000 002
910095899€9000 002
91009899€9000 002
01003839€9000 002
01009899€9000 0G2
015609899€9000 002
91009839€9000 002
91009899€9000 062
91009899€9000 002
91009899€9000 002
91609899€9000 002
91009899¢9000 002
91009899€9000 002
91009899€9000 002
91009999¢£9000 002

91009899€9000 002
91009899£9000 002
91009899€3000 002
91659839€9000 002
01009899€9000 092
01009899€9000 002
01009899€95000 002
01003899€9000 002
010098399€9000 002

1 3 R, 4 ¢ 41
NOIL41¥3833 43y

S€001
4£00%
9€00%
S€003T
¥<00t
€£€001
2¢00%

1€008T
0€00t
62001

82001
9200t
42001
s2oot
¥2001
€200%
2200t
1200t
02001
6100%
8100%
4100t
9100t
$100%
¥i100%
£100%
2100t
1310081
otoot

60001
80001
40001
900608
$000%
¥000t
€000t
20008
10001

“iLl

48



D008SES

000vel

0008891

000v01
GOGi21S

000%9

0ooo2L1

0008SE
0002¢e
0Go611
0002rve
0ooL€E
0ooL8
0000sse
000122
000222
009
0009¢6
000v92
000612
0006822

000999
00089
GO008ET
0008291
000862

0000s8
oooove
0008S

000026

© 000811

0000282 0000.81
00050001 00002001
00000001 00000001
000211
00069 00009

000062 000822
00000001
000s6% 000000071
000¢2%  0009Y
000s9 0008y
GOOI8yY  000gee

00052F  000Se
0cosY 0003€
0003282 000s81

0006S?  000s01
0009 00ocY
00021€ 000012
005S0% 000001
000LL 000S9

0000262 000vEE
GOo912 00022
0009 0001$
0000v9tT  D0D2SS

005167  0009StT
000007 00018
0001S 030y
00026 006022
000621  000¥2t
065801 00080l

poogsee 000012t
0oot0¥2 0002821
G00G29  000.L67
0009S 000sS
0002s27 0OOoviY
000SSY  0008L
0C00TT  DOO2Y
00000001
00011  0000000%
000v6 ooose
000LS 000L€
000,87 00066

($) J3IN34sSnS ¥ (4) d3TIv4d - iVl

[ PO TV "W T QN W T TV PN W PR P R MU TV PR T TR TV TR T TR R U TR TS " MU TR " S TR O TR B TS TR PO T TS

oos.t 00se3
00002 00002
0ose2 oosze
00sL2 00sL2
os.81 0519t
00002 00002
ogs2e oosee
00s.2 oosz2
0os22 ogsee
0osz2 0osze
0osee oosee
00452 0
0000¢ 0
DOOSE 0
000s2 0
0000¢ 0
000sg 0
0G00€ 0
000SE 0
0000y 0
0000¢€ 0
000SE 0
0000y 0
000sY 0
00sL€ 0
GoooY 0
0oosY 0
0ssStt osv8e
sou2t s622y
ossel 0919Y
OL19% 0E8ES
098tl o919y
S10s1 8667
0191 0E€BES
065S1 0161s
0L191 0£8es
osvel 02519
06sst oi61s
el NY3IH
$3ss3MLS

VLVd AN9ILVA WNINV.LIL

9100989952100 002

9100989952100 002
9100989952100 002
9100989952100 002
9100989952100 002

9100989952100 D02
9109989952100 002
9100989952100 002
0100989952100 002
0100389952109 002
0100989952100 002
9100989952100 002
9100989952100 002
9100989952100 002
9100989952100 GO2
9100989952100 002
9100989952100 002
9100989952100 002
9100989952100 002
9100989952100 002
9100989952100 002
9100989952100 0062
9100989952100 002
9100989952100 002
0100989952100 002
0100989952100 002
0105989952100 002
91009899€9000 002
91009899£9000 002
91009899€9000 002
91009899€3000 002
91009899€9000 002
91009899¢9000 002
91009899£9000 002

91009899£9000 002
91009899€9000 002
91009899€£9000 002
91009899£9000 002

| 3 R 4% 1
NOIL4I¥O830  4D¥

92001

$.00%
v.001
€200
2,001

12,008
0.001
S9001
89001
29001
99001
$9001
9001
£€900°%
29008
13001
0300t
65001
8s00t
2500
95001
S$S00t
¥<00t
€001
2500t
1s001
0s00t
6v001
8v00t
4v001
9v00t
sv00t
ry00%

€v00°

2v00t
1v001
oroot
6£001

WiLl

49



c€eot
oss
€92
891
9i¢
oge
i58
S6¢

2 6 ot 44 4 00sa 00s2L
11 2 8 4 34 0009 0093,
14 SS 8s LE 4 00029 00049
14 9 134 S 4 00006 00006
2 4 S o¢ 4 00sss8 00s9s
S8 os €2 o8 3 D9ssSe 00§92
22L 149 73§ 629 4 0008s 0oG8s
0os ose osy osy 3 0008 0008s
961 161 rie est 3 00029 00029
s2t oLt Sit 0st 4 093029 00629
5144 sy (33149 vee 4  00ssS 00s6SS
ore s92 0og o0se 4 00SSS 00sSS
€001 268 262 629 4 0d1er oote6y
ose osy 00¢ 0oy 4 0DOter ootey
00GE€169 0009251 0GOo¥svl 4 sl se22y
00o6¢€€e 000262  0009¢€9 4 0escl ovisy
00062  0OCO¥LES  00O0SLY 0009 4 o181 0E8ES
00065 0000s 0aasy 4 seeutl S29.8
000Ss¥92 00062¢  000LT1T 34 0ss8el ovisy
0GOvv2 € 00608002 0006002 4 SIOST G866Y
000STy  000L6 00099 4 0191 0€8ES
000v8F  0000SF  0OO6S 4 sewut 2948
0008€LL 0000Y¥PE 000861 4 suet s622y
000881¥ 0000TL  0OOv2H 4 098€l ovioy
00089S  0000¥S 000602 4 0191 oeses
0009€T 00092 0006y 4 08sv8l pesis
00G6.€89 0006¥¥T 0002€31% 4 098El ovisy
00081, 0002sF 000121 4 sl0st G866¥
0008.% 00018 00002 4 0191 0geEsS
000.1F 00088 0008L 4 08sv8l 02519
0000vee 0006991 00098S 4 098l ovisy
0C0Evy  OOO3EE  0002v1 4 0191 513144
000297  000v8 ooove 4 0Osv8l 02519
00086 oooLs 00G0¢ 4 0oew02 01269
0000000 $

0002821 0000000 4  00SZt 00set
00Ce8se 000v¥82 000192 4 00002 ooooe2
00049 00029 0001s 4 DOose2e ogse2
0006907 0001S¥  0OO02t2 4 06002 0ooge
0oOTlE  00DEET  OOOETY 4 00se2 gosee
000102 00016v 0009 4 0oose ooose
4y NY3W

($) J3IN34SNS ¥ (4) A371vd - vivd $3SS3uLS

VLVd ANOILVA WNINVLIIL

8162160952000
8102190952000
8102180952000
8162185952000
8102180952000
8102190952000
6102160952000
1102160952000
0162180952000
1152180952000
0162180952000
1162180952600
0102180952000
1102180952060
9100989952100
9100983952100
9100989352100
9100989952100
9100989952100
9100989952100
9100989952100
9160989952100
9100989952100
9100989952100
9100989952100
9100989952160
9100989952100
9100989952100
9100989952100
9100989952100
0100989952100
0100989952100
6100989952100
0100989962100

9100989962100
9100989952100
9100989952100
9100989962100
9100983962100
9100989952100

13 IR £ 1§
NOIL41¥%D3833

002
ooe
0ge
0c2
002
oce
ooe

ope
oo2
ooe
ope
0oe
ooe

i3

91108
siiot
yiiot
€IIGT
2110t
11108
(119424
60101
80101
40108

SOI0T
14704509

20108
10108
00103

86001
4600%
96001
S6001
v6001
£6001
26001
16001
0600t
680073
88001
48001
98001
$8001
¥8001
£800°

28001
18008
08001
6,001
8.00%
44008

WaLl

50



TITANIUM FATIGUE DATA

ST
ST
SRR T T T
TR T
i LR TR

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

nnnnnnnnnnnnn

32 geEEcoEREc00e880099990883 38088 EEEREEEE
T, 5iEI3EIEEEEREEGERiEREERRRRERERERfIfREss
g gggggggggggsggsaasasa§§aggéagggass=s=asgg
SRR
D OREEENENIGAIIIININFIFFFANANININRRAARARANE
I Lo2RnNRs2EERoRANRRRCARRAREYIIISSSIE¢RANAS
- §E8E88555E5ES85GREEEEERREREERaGRGo GG



0002

oseve

0006¢

osize
0692

g6y
oeee

5194 4 4

000189
000S9

0006 0008 0002 4 000se 0000¢
000€1s2 0002102 0006L6 00029 4 000s1 0o0s2
000..5  00091E  0O002IE  000SE 4 00002 000s2
02902 06081 00081 00081 4 000se 000s2
oveet o1sit 021t 0008 4 0000t 000se
1747 (11 73 0soL 0989 4  DOoOsE 000s2
o8ty oviy 0g6¢ 069¢ 4 0000¥ 0oase
o0g9e o1s2 osve oeve 4 00osy 00gse

osvl osel orct 4 0000s 000s2

0000082 000€9€2 OOJESIT 4 00502 0

000s6. 000S12 00022 4 000se 0

ooote 00062 00062 4 0000¢ 0

oge82 o6v61 01001 4 0000y 0

080¢ o0oe2 82 4 0000§ 0

00026€€ 000.8§  0O0O€LS 4 00ase 0005t

000LY 0009Y 0Go2yY 4 000st 0o0st
ovese ogiet ovolt 4 000sy 000s1t
oise 1,43 4  0OOsS 0040S 1

0009¥21 0D098T 000221 4 00001 0000

00065 000€s 0oL e 4 000st G000

o621 0L018 08s01t 4 DOOse Go00S

020L 0999 Dees 4 0000¢ 0000s

000ve2s 000S02  0009¢ET 4 00011 000se
000TvSe 000S8T  0GGI9 3 090st 0o0se
000vs ooosy 000¢e 4 00061 00g0s2
0000¢€ oesege 00082 ocerve 4 00ose ooase
00002 000873 0o0st 4 0000¢ 00gse
0s26 0696 4 000s¢ 00os2
00L€ oree 4 000sy 0o0se
OLET 093¢t 4 000sS 000se
0000000 §
000808L 00088S. 000288¢€ 000O000F 4 00002 1]
000ISy  000E€v2  000SLY  COOLYE 34 000s2 0
000rs 000¥vS 0000Ss 0009¢ 4 0og0¢ 0
ogryl Ovee’ o2oet 000€1T 4  0000Y 0

ossy oovy peey 4 0000S 0

oooe 0Ll o1st 4 00009 0

000s68  000E0L  OOOSB¥YY 4 0002 00051~

0002v¥6  00018S  0OOS2¥ 34 00os82 000§ 1~

0008¥2  000LE£2  0OOTLE 4 0000¢ 000§1-

0ooge ooose 0oose 4 0000Y ooos -

4V NY3H
($) Q3IN34SNS ¥ (J) T3VIVE - viv] $35S3MLS
VIVd AN9ILVA WNINVLIIL

9100988205500
9105988205000
9100588205000
9100988.05000
9100988.05000
9100988205000
9100588205000
9100988265660
9100988.05060
9100988205000
91005882,0$000
S150383.0S000
9100988205000
9100988205000
9100988205000
9100888265000
9100988205060
S 100988205000
6100988255060
0700988205500
0100988265000
0190588405000
0100988205000
0100988265000
0100988205000
0100988205000
0100988205000
0100988205500
0100988205000
0100988205000

0100988205000
0100988405000
0100988205000
0Y00988205000
0100988205000
0100988205000
0100988405000
0100988205000
0100988.05000
0100988205000

1 S TR { T 1
NOILdI¥I$30

so2
so2
$o2
sGo2S
soe
so2
so2
soeS
so2S
11174
s02
so2
so2
sG2
so2
so02
so2
s02
soeS
sg2
so2
soeS
so2
so2
soe
s0e
sge
soe
s02
soe

so2
s0e
s02
s02
s0e
so2
s0e
s02
s0e
so02

43

$€201

££201

€201

62201
82201
42203
szzol
L2-~-1) 9
v22ut
€220
22231

61201
81201
11208
Si20t
Si20t
vi2otl
€120t
2t2ot
1120t
o120t
60201

40201
90201

$0201

£0201
20201
10201
00201
66101
86101
461018
96101

MiLl

52



0002s

orss
veeet

0009S

ooee
09s.t

overs

ogsee
003

0s6L
006€l

0098t
00052
000sot
0008y
0006S
10] 43
00589

314 4]

oouL2y
0ov6

002¢t

02sé
ogsr1

008¥9
oovsl
00ase
00028
155048 4

00361
caL6v
0s8s

osre
ov29

oire

00261
osee
0s8s
00661
0o6e
14773

ovore
00821
0L02

gsee
026s
osve
0021
0029
00SEt

o2r9
00991
0002262
0g0o22s

0016¢
0o6st
oosge
006S2
00s62
ov2e9
00982
oosty
Coty

00082
8,744
DSz

oosLt
ogse
0ass
00183
0262
oS
0GI91
11944
0069

o89Lt
00€2
osvs

ogeet
11944
osee
DOL92
0099
000St

0099Y
008s
o0LeL
ooeee
ooo2tiee
00009

o061y
006st
0oist
00069
00592
00609
0002
oogse
Ds.€
0002¢
0002s
ov9e
0s€s
0002s
0002¢
osve
o2r9
00961
089t
0s19
000v?T
1194 4
11971
0002¢
0002s
DOt
0ses
0002s
0002¢$
Us9s
00911
oveoy
0082
00191
0002$
0ooe2s
0.02
0s8L
ooves
oooveLe
000¢S

($) JIIN34SNS ¥ (4) T37Ivd - wivd

$IvO7
SIvo
SIvO7

SIvOT
SIVYOT
SIvO7
SIvOT
savo1

SIVOT
SIvol
SIvO

SIVOT
SIVO1
SIvO
SIvO
SIVO1
SIVOT
SIvOI
SIVOT
SIVOT

SIVOT
SIvO1
SIvO1

SIvO
SIvO1
SIvoI
Savo
SIvO
SIvoT

SIvYO1

SIvo

SIVOT
00001
000st

el

ViVd ANOILVA WNINV.LIL

“dHy
“dny
‘dHY

“dnyY
“dHyY
‘WY
“dHY
-4

*dHY
*dHY
TNV

“dWY
*dHY
*dnyY

*dHY-

* Y
© WY
* Wy
“dHY
“dHY

“dWY
*dnyY
“dnY

“dhY
“dWY
“dnY
“dWY
“dWY
“dWY

“ WY

“dWY
“dHY

37GVINVA
374GVINVA
37aVINVA

379VIdvA
37GVINVA
37GVINVA
379VINVA
3GVINVA

37GVINVA
37GVINVA
37GVINVA

3GVINVA
3GVINVA
37GVINVA
39VISVA
3EVINVA
3EVINVA
39VINVA
379VINvA
37EVINVA

JTAVINVA
379VINVA
37GVINVA

379VINVA
39VINVA
378VINVA
378VINVA
378VINVA
379VINVA

37GVINVA

37EVINVA
378VINVA

0000s
0000§

NV
$3ISS3NLS

¥800968205000
4800968.05000
4800968205000

1800968205000
¥80065672.0$000
480096705000
180056v2.05000
9800988205000

9800988205000
9800988.05000
9800988.05060

9800988205000
9800988.05000
9800988205000
9800988205000
9800988205000
9800988205000
9800988205000
9800988205000
9800988.05000

9800988205000
0800988205000
0800988.05000

06800988.05000
0800988.05000
0860988405000
0800988.05000
0800988.05000
08n0988.05000

0800988.05000

0800988205000
6800988405000
9100988405000
9100988206000

1 3 R 4% 1
NOILdI¥IST

902
902

s0e
902

902
sg2

so2
sge
so2

soe
so2
so2
so2
so2
soe
so2
soe
soe

sGe
soe
so2

soe
soe
soe
soe
so2
s02
soe
soe
soe

soe
so02

43

$95208
49208

939201
$9208
3201
£9201
25201

19208
09201
65201

85208
45208
95208
ss2ot
vs2ot
€520t
2seot
1520t
cs2ot

6v201
8raot
4v201

97201
sv20t
yv2ol
£v20t
2v2ot
tvaot

oraot
6£201
8ceot

2£20%
9€201

WLl

53



0oast

00491

00021

008sS 080S§ 08irs 4 00061 000¢2
Ov.88 02109 0220¢ 4 00061 00oge
08v69 orioy 03279 3 00061 oooce
056681  Orise 095L6 4 00961 0062
009601 00v¢€01 4  0000% 00009
00s¢s 00089 4 00Ort 05052
00€9ST 00566 4 00922 0
000261  00G6ET 4 00su3 00ase
0009¢ oosLy 4 000se 000s2
000¢L 000vS 4 00002 000se
0001t 000 0058 0008 4 SIVOT “dWY 3ITEVINVA
00002 4
oSttt 00201 00001 00001 4 SIVOT “dWY 3T9VINVA
0osve 00512 0001, 0g2re E] SIVOT “dWY 37GVINVA
ooaLt 0oari [0:5.51 2 00011 4 SIVOT “IHY 3IEVINVA
00008 S
00189 oos2y 000608 4 SIVOT °“dWY 37GVINVA
0000 00522 00002 0aL61 4 SIVOT “dWY 3ITGVINVA
Go0st oasri 00512 oos8vl 3 SIVOT “dWY 3T1IVINVA
oo € 00292 0003¢ 00892 4 SIVOT “dWY 3IGVINVA
000Ye 00562 002s€ 00292 ] SIVOT “dWY 3TGVINVA
oovve [s.5,424 ooaLt 000st 4 SIVOT “dWY IGVINVA
00028 00028 S
00028 060028 4 SIVOT “dWY 31GVINVA
0022 00aL9 3 SIVOT “dWY 3ITEVINVA
00251 0081t GOsS1T 00021 | SIVOT “dWY 3TGVINVA
00008 S
000%L 0009¥ 00008 = SIVOT “dWY 3TGVINVA
oovee 00281 09281 0o2st d SIVOT “dWY 3GVINVA
oovee 050¢e 000¢T 0091t 4 SIVOT “dWY 3TEVINVA
0osve goote 0oo6¢ 0G02¢ d SIVOT “dWY 3TEVINVA
00008 00662 4 SIVOT °“dhv 3TGVINVA
00Ss2e 0952¢ 00592 000st 3 SIVOT °“dWY 3EVINVA
00008 00008 $
00008 0ooos 4 SIVOT “dWY 3TGVINVA
oseer oov.L€ 0ovee ooése < SIVOT °“dRWY 3TGVINVA
00069 s
0ogasy oosey 00069 3 SIVOT “dWY 3ITGVINVA
000s3 0001 00ov1 00s¢l 3 SIVOT *dWY ITEVINVA
oovoe 00061 0oeetl oovet 4 SIVOT “dWY 3TEVINVA
ooriy 0008t 0ooot oooee 3 SIVOT “dHWY 3NEVINVA
Ly NY3IH
(S) J3IN34SNS 20 (J4) I37Ive - viva $3SS341S
VIVd ANOILVA WNINV.LIL

9155568205000 012
S100968.05590 Gi2
0100968L05550 012
G100368205000 012
01559828vvGa0 6062
G1559828Y¥y500 602
61059828Yy000 602
81559828y 0G0 602
815596287000 602
81059828vY000 602
48999812.05000 9062

180098105000 902
8009839205000 902
290098905000 902

1850983L.05050 992
¥830962805000 902
4800962805000 902
1800962805050 962
85883050500 902
28G0988905000 902

1850988905050 962
¥800983.050500 902
4800389405000 962

1800985205000 902
¥80096030S005 962
4800960905000 902
1800960905550 902
¥80096280G5000 902
4800962805000 902

1800962805040 902
¥852.6820S000 902

¥802.68205000 902
4852268405500 902
1802:.68.05000 902
1802.68.050060 s02

€T - et
NOTLd 143833 43%

Yoeol
€0¢0t
2G€0T
10€08
0GE0t
66201
86201
46201
96201
s6201
Y6201

£6201
26201
16208

66201
68201
88208
48201
98201
$8201

v820t
£8201
28201

1820t
o820t
6,201
8,201
2201
9.201

4201
¥v.201

€220
2.201
12208
04201

Wil

54



0o0sot

ocoee

0008

01096

03012
02650t
08v292

c8L92y

0assvi
ovaLy
095652
oreoge
00321

008¥s
ooset oovel

0009S 4949

S0IEY
06299

02ese

o2ve2t
000y
ooiet
0006
0000181
0o0vY
000Y1
ooiel
sl
0091
0G.29¢
o2ive
001€22
08s9s¢

o222
ooteLt

ovese
09¥S0E
0ovLL
0066
a¥rs9e
or291t
vieL2
00002
2928
860EY
v8L
0gt6s
10651
oaveé

00se2
1060¢€

289
oveLrl

09.0%
1119 44

o212t
0002¢
0002t
0008
000673
60002
00GTE
00023
osast
os2t
00887
oyves2
028¢S
029601
0G0000%
0000001
0295€2
0000008
0000001
09982
oot
ovese
oo2cy
0822t
¥2891
S0961
2999
2259¢
6see
0061y
00651
0009
00652
00s92
000€
00092
00092
oovort
0000081
0000081
poisE

($) JIIN34SNS 20 (J) I3TIva - vivd

[ T W T T VR I PR TR "N P P U PR PR IS P I U TR U MW T PSR I PR PR N TR TV T TR R TR TR TS TR TR S T TR Y

00282
00001
00021
ooor:
0008
00001
0002t
000vi
SIvOI
SIvo1
oosee
oose2
000S€
oose2

0009E
oosee

0009¢
oos22
0009¢
0009¢
0os22
oos22
oasLy
0oGry
0osee
0000¢€
000s¢E
SIvO1
SIvol
SIw

SIVO
SIVOT

SIYOT
00osY

00061
0006t

el

co8lc
0000Y
0008y
0009s
0002¢
00007
ooosY
0009S§

“dWY 3MGVINVA
*SHY 3GVINVA

00see
cosie
0oory
oose2

1611 ¢ 4
0o0sz2

caory
09522
ooory
ooovy
cosze
00sie
oosey
000vy
Gos2e
0000¢
00GSE

*dWY 3TIVINVA
“dWY 3TEVINVA
“dWVY 3TGVINVA

“dWY 3TEVINVA
“dWV ITEVINVA

“dWY 3TEVIAVA

000ss

oogee
ogoee

NV

$3SS331S

VIVd ANOILVA WNINVLIIL

010€287262100 212
0185$96999€000 112
018596399€000 112
018$96939£000 ¥i12
018599999€000 ¥12
018$98999€000 Ii2
018598999€000 Ti2
018598999€000 112
48£0968.0S000 012
28£0968205000 GI2
91£0968205000 012
91£0568.0$000 OI2
91£6168205000 012
91£0968405000 012

91€6168206000 012
9TE0968.05000 012

91£6168205000 Ot
91£09682065000 OI2
91€616820S000 012
916168205000 GI2
91£0968205000 OI2
91€0968205000 012
¥106168205000 O12
¥1061682.05000 012
¥100968.05000 012
¥100968:05000 Ot
¥10G968.05000 O12
¥800968.05000 012
4800968.05000 012
18022.68.06000 012

1800968205000 012
1802.68.05000 012

1800968205000 012
01061682.05000 012

9100968.05$000 012
9100968.05000 Ot2

3 SR £ 1
NOILdI¥OSIY 43¥

6v€01
8veot
4708
9vEol
144013
708
£veol
ersol
4£€08
9€€0T
Secol
¥<eot
£€€0T
1€£0%

ogeot
62¢08

82¢0%
L2¢08
92¢01T
$2¢0%
€2€01
22¢0t
1201
[17431]9
6108
81€0T
4108
$1£0t
€i€0t
ticot

oicot
60€01

80€0T
40€01

90¢08
€00t

WiLt

55



0002¢sY 000€91 4 0gset 000s2
0002 0001 002 4 0000¢ 000s2
0goce 0008¢E 4 000se 000s2
0008 000s 3 00s29 000se
000227 00001 4 090se 0o00s2
00021 0009 4 0000S 000s2
000st 0008 4 0000 000se
000¥0F  000sE 4 000se 000se
000S 000t 4 00095 000s2
G0010%  GOOO09 4 000s2 000s2
00g2¢ 0009 4 00§29 000s2
0002¢€ 00o¢2 4 0000Ss 009s2
0008082 006222 4 000Sse coose
000 € 000€1 4 0osu¢ 0o00se
1001 000t 4 00s28 00ose
00002 000y 4 0000§ 00ose
00029 0600¢ 4 0000S 000se
0009 000¢ 3 0GOS 0ocse
000.¢ 00052 4 00829 00gse
000¥.2 0008y 4  0000¢ 000se
oosvy 000¢€ 4 0000S 060se
000v1 0009 4 00s:¢ 00ose
0009 004s 4 0900s 0oose
0ooLLY s

000L€ 0004y 4 090se 000se
000veT  009S11T 4 000se oogse
00cot 0006 4 0000S 0oose
0SS211  0sE6vl 4 oo2ee [s1s1-2 3

0O¥6ST 063291 4 0s2s2 0SL€

o2ret 02s6l 4  00ses 00Se

028vs ooves 3  000se 000§
gg2202  Ot0ve 4 0088t oocie
02isvy  092e¥0¥ 4 00881 go2ie
0280L PR 4 01609 4 00eee oosle
04982 02962 4 00Zse o081l
osL121  08¥801 3 DOese jsle]-3 4

] 4199 oieLs 014 739 3 00282 0o8le
oosse 0166 4 0o2gee Gcogle
ggLige  OLes82k 4 0osst ooete
06.8¥ pooies 4 00282 ols]-3 3
04068 giger 4 0oese oosig
“4v NY3H

(8) J3IN34SNS W (4) A371vs - viva $3SS3uLS
V.IvVd dN9I1LVA WNINV.LIIL

9102.82805000
9102,82805000
9102.82805060
G102.82805000
0102,.82805000
0102.8280506G0
9106182805060
9106182805030
9156182805000
9106182805000
0106182205000
0106182805600
0106182805000
9106182805000
9106182805500
9106182805500
2106182205000
9166182805000
0106182805000
0106182805000
9100982805000
9100982805000
9160982805000

9100582805000
0100982805000
0100982865000
0102.8¥252100
0102.8¥452100
010228¥252100
0102.6¥452100
9102.8¥v452100
0102487.52100
9102.8v.52100
0102267252100
010€489252100
010€2882452100
910&287252100
010€L48¥352100
010€48¥952100
010€28¥952100

”“ L '"N“
NOIld41¥D831

€12
|3 24
€12
€12
€12
€12
€12
€12
€12
€12
€1
€12
€12
€12
€12
€312
€12
b *4
14 %4
€12
€12
€12
€12

1
| 3
€12
2ie
2ie
cie
212
cie
eie
212
212
2i2
etz
212
2ie
2ie
tA%4

43¥

W3Ll

56



Coovy2 000621 4 ©oo2se 0081 0102.88.06000 912 62708
000¥02  000S81 4 0o0ese 0o8ic 0102.98.06000 912 92703
00ov6é2 000611 4 06vig oisse 01562.88206000 912 42v0%
000562 000002 4 00es 0081¢ 0153:88.09000 912 92v01
000se 000s2 000y 4 002gs2 099%1¢ 0101.88.0€000 912 2701
000ty 0000¢€ 4 00282 0ggle 010££68.06000 912 »2v0%
000.0€  GOO60T 4 oosee 00s92 0102:88.£9000 912 €2v01
00022¢ 00012 4 002gse 008i¢ 0102,88.£9000 912 22v0T
095861  OLLv6l 4 0O0egse ogsice 0122.98.052060 912 12701
00012y  COOOLE 4 06282 0oR1g€ 0102.88.05000 912 02v01
000Y1 00021 3 Doest ogz2ie 0102288.09000 912 61v0G1
ocoove oooee 4 0088} oceie 0162288.0v000 912 8iv0l
D00ET 00013 4 0088l 00212 9162288:0v000 912 L1901
001S DO0S 4 Dssse osi62 9162288.0v000 912 91vOl
0o1e DOOE 4 0062t oonLE 9162288L0v000 912 SIvOl
00ist 00081 4 00881 oo2i2 016228807000 912 ¥iv0l
00622 00012 4 0Osvol 0sse. 91622.88.0v000 912 €£1Iv0l
00S2 0009 4 0ose2 00sse 9162288207000 912 2irol
oo10Y oaov 4 0sso€ osyve 9162288.07000 912 1ivOl
000¢8 000vS 4 0062t oonLE 010€388.06000 912 O0Iv0l
00042 s
0008YT  0O0LL 4 00282 0o8le 010€188.06000 912 60701
0Go0Y 000s€ 4 00se2 00s9e 01011882.06000 912 80Y01
000e2e  DOO9TT 4 0osee 00s92 GI0E€188.06000 912 20701
00oLY 000S € 4 0062t oonE 010£188206000 912 90901
00082 00069 4 002cee 0gsie 010€188.06000 912 SOvOl
000sve 000902 4 0osg2 00S%2 GI0£188.06000 912 »OY0Ol
008€16S 0088981 0098v0T 4 00ST oose 0102209909060 Si12 €0v0l
000gL alele] 49 4 00002 ooase 810s9828¥v000 vi2 <20v0l
0osEs 00089 4 0Gort 00ose 01059828¥¥000 ¥i2 10¥Y01
000s60S 000S¥1 4 0oset 0oose 9102.8280S000 €12 0OYCl
0008¢ 00081 4 0Dose ooose 910€282805000 €12 66£01
0002 000t 4 00S.¢€ 0o0s2 910£282805000 €12 86201
0000ty  000¥PS1T 4 ooset 0ogse 910£282805000 €12 26€£01
0006 0006 4 000se ooose 916€£282805000 €12 96£01
000s ooovy 4 0Ds.g€ ooose 910£282805000 €12 S6£0°1
00022¢€1 0D0D66 4 oosz2t 0oose 010£282805000 €12 ¥6£0%
0C0TE?  0OO¥OT 4 Ooose ooos2 016£282805000 €12 €6%£01
o0oo2 000% 4 0000§ 000se 010€282805000 €12 26501
opoce oopee 4 0oose2 ooose 9102.82805000 €12 16£01
oooe 0ooo® 0001 4 0O000$ ooose 9102492805000 €12 06£03
P al NY3H 1 3 TR 41 1
(S) J3IN34SNS ¥ (4) T3TIvd - viva ‘$3Ss3MS NOTL41¥O830 43 WAL

VAVA ANOILVA WNINVLIL

57



001052

ooose2 0ocoLt coos1t 3 osrel 05681
000t $
0002 0002 000t 4 0o5¢2 00592
000t S

001s 5.7} 4 o282 0o81E
ooty 55504 3 ooe2e oonE
ooty Goovy 4 5862 osie2
000S3 00021 i oG8s8l oo2ie
ooore 00062 3 0688l oo2ie
0a0Y 090¢ 4 06S0f ossve
(5,11 9% Do0L 4 oo5¢2 00592
000es 00052 3 o571 0ss8l
0o0ge 00622 4 0GO8el 052t
000tEt 00G2t 4 Ooivi 0o6s1T
000ss 0002SS 4 OOre 00903

0oosvi  GOOvrl 3 s os6e
000st 00021 3 5881 oG2S
0000¢€ coGie 4 Ooirt 05651
000901 00065 4 ore 02358

0002.1  0O0O5StE 4 oSt os6L
eisle) 4 05061 4 05881 o212
0ooge 00021 4 OGOl rs 294
000Ss8 00012 3 oorée oOSG1

pooege DOOSE2 4 0sWu os6L
elslsVA 4 0oore 3 o5282 0o8ile
o0oote 00052 4 05282 0o81E
088261 02206% O¥8est 02088 i 06282 0G81e
0L6L€ 0Gore i oG282 oo81¢
oiesy 5134 3 05282 0o81gE
0sosy orely orise 4 05282 0081t
0206y geeve oreee 4 ooese Go81E
000998E 000€3122 00O9YOE 3 GO88T oo2te
0009€S  000¥L€  0GOSST i o588l oG2ie
000¥2€2 000€902 0O0O61Y i 0osst oc2ie
00060€  OCOGOE 3 o588l 05212
00080S  0DOLIE  00O6SE 4 o588l oc2ie
0016 00IvL 3 oOh2se 0081t
00809  0OOIIS 3 04282 0G81IE
0008ST  0009ST  0OL8El 3 o4ese 0081g
0006.%  0009ST 4 Gsyol 0ss81
0001y 00Gi€ 4 oG2ee oosig
1y NV

(S) J3IN34sns WO (4 T371v4e - vivd $3SS3uls
VIVa ANOILVA WNINVIIL

G182288207000 L1312

0182288207000 212

61822880000 212
9182288.07000 212
9182288.0v000 212
9182288570060 212
61822882,0v000 412
918228807000 212
9182298207000 412
9182288207000 212
5182288207000 212
3152288560060 412
5152288256000 212
6152288206500 212
5152288209000 412
015228803000 L12
0152288209500 412
0152288209000 L12
0152288209000 L12
0152288200000 212
0152288207000 212
0152288.6v000 L12
0156288252000 412
GI56288252000 212
0182288205200 912
5182288205200 312
5182288255200 912
5182288455200 912
5182288206200 912
6180585255200 912
0180985205200 912
5180385405200 912
0185585406200 912
0185385405200 912
0152:88.56000 912
5152.88206000 912
0152,88.56000 912
0185386405200 912
0101.884G6500 912

€3 - re2t
NOI141%3833 43y

49708

99701
$9v0l
r9vol
€9v01
29v0l
13708
09701
65908
8svol
45901
=19 471
SSYOl
147404
£Sv0T
25v0t
isvot
osvol
(3 44014
144704
4vv01
Syl
S¥y0Ol
yyv01
114 )
2rv0l
1344724
ovv0l
6€v01
8EvOl
45908
9¢ev0l
11341
vEvol
cEvol
2Eval
1€v01
otgvol

WiLl

58



o08¢ev0l

0008t 00099
000813 ooove
0002.T  0009v2
o962t
02192
orvy
080¢
oces
o6Le 092
o18v6 ogecs 09562
oveLs
os2mee  g2u2ve
029vt
0s€69
002626  O¥8ves
0€220€  Oveeo2
0001S9T 0L.8808

g2ssecy
D63se
0ES2.y  OESLEE
09€€0T  060€L
0LL58SY
089St
GE6v6811
096¥0S
0ge29e
oviis
o1gsst
00062
ooov
00081 00ovt
0002 0009

ooo2y

0coY
00083 000st
0002 0002

0008s ooosy

00Se 000E
oooge

0000¥%  0008§

000£03
00063
(1151 239
oveel
GS 1o
060€
o912
1137
orse
osors
o2v
ov6c0t
135744
aLves
01998y
oceioe
o1eves
09v5816
17 49:21
0oove
ar2i92
oeaLs
* 0606019
GosSt
r1: =08
05628¥
osi602
ovses
oseovi
00092
000¢€
0ooet
000S$
000YE
000¢€
ooove
0009
000sg
000g
0008t
0006E

($) J3IN34snNS W (4 I371Iv4 - uVd

[ PSR VR PR TV T U TR PR SR TV IR P PV TR YR P T P VU P U TR PR N TS VS VR TR M TR TR TR TR OO TR A O T T A

osret 0558t
oose2 00s9e
00282 0081e
009.€ oorey
00282 Dogte
06881 oozie
00282 008ie
o0ossl oo2ie
00282 0081¢
00282 0os8ie
00282 GoslE
00282 s01:44
0000¢ 00002
ooove 0009s
00ost 000se
osvel osoEY
00s€l oostie
osvol 0ss8t
GOSLE oovey
00881 oo2te
00282 s121-143
oosat oos2
00S2s 00sL
1812 s2ite
05292 0s.€
§290¢ 17214
osLcy 0529
000S€ 000§
0sa1t 0seel
0sS0E 3] 44
osvol 0ss8t
oosge 00s9e
0sitt oseel
0sso€ osvye
os¥9l 0sset
oosee 00ssee
os4tt 0s2ey
0062¢ 1] 93
osvel 0ssel
oove 009013
Ly NY3M
S3$S3NLS

VLVd ANOILVA WNINVIIL

010£28982,00100
010€288200100
0101987252100
0161287252100
0102287.521060
0106280958000
0106280958000
0102280958000
0102280958000
0102.80958000
0102.8v252100
0166.8¥252100
D10£287v252100
010£287252100
010€287252100
010€28¥252100
010287252100

010£28¥252100
010€28¥252100
010£287252100
016€287252100
010€28¥252100
D10€28¥L52100
010€28%252100
010€287252100
D10€28¥252100
010€28¥252100
010€287252100
9182288.0v000
9182288.0v000
9182288.0v000
918228820v000
9182288.0v000
9182288.0v000
9182288207000
9182288.0v000
0182288407000
0182288.0v000
018228840v000
0182288.07000

€T °°° et
NOILd1¥2830

212
2te
212
2te
2te
212
12
12
12
¥
i12
12
12
12
12
12
12

12
i1e
12
12
12
12
12
12
12
12
212
L1e
212
212
212
Rt
L1e
L12
12
12
12
12
12

3

y0SOl
£0s03
20s0t
10503
00sot
2¢€ot
6€€0T

y8vol
€801
2ev0t
18v01
080l
64901
8.v0t
44v0%
9,901
s4v0t
v4901
£4v03
2901
14908
0Lv0Y
69901

Wil

59



0505¢€9
060102

000¢LY

000¢€9

00086

000.9

ooo2rl

0002s8

0009y

0009Y

000L¥1

oootes

000201
000s6

000v0E

000lve
ooovvi

0000ts

0009¢

ooogte

0001€0T 000,29 000811 4  0062¢ 001
000c102  §
000608 000088  GOOP82T GOOELI0E 4 0O62E ooILE
000€9 4
000¥.% 00016  OOCE6 000021 3
000S.% 000812  GO02sE 000202 4 0062t 0olLE
000622 000£0Y  000¢01 4 0062t oonLE
000I¥T 00062 000v9 4 0062t ootLE
009822 0OCIWY 000619 4 0062¢ o0nLE
0008€S 0OO0OL8T 00092¢  COOvri 4 0062t oo
0008ST 000091 000928 4 0ssse osieS
000¢€6L. 0008v¥e  00GOSOT 4 0Osee 00592
0000201  000S98 4 0Ostte gsstee
000€3 0006SY  D00089 000989 4 o0osee Dosse
0000€02 0002SST  00G0SLT OO00SEST 4 0062 oo
0oo66L  0OOTIE  00029F 0001207 4 0062€ oonLE
oise 0.1] 4 4 00282 cosle
D1SS222 O¥8SLS 4 00ve 00901
o192 au28t 4 06282 oosie
ov9691 08921 4 00ve 00901
0696 01911 4 0G2se 0081g
oooEY 00092 00028 00096 4 0o0Ivt 006StT
00GO6T  000€61  0OOSIE 000wl 4 0Ot oo6st
000SET  0O0OPIT 000251 O0OIET 4 00Irt oo6st
000se 0ooge GOo61 00092 3 0osst oo2ie
000%9 00029 0008y 0oosy 4 0088t go2ie
00008 00092 0008L 000.9 4 00881 oo2ie
00001 00011 00001 00501 4 0o0see 00s92
00092 0o0se 0600¢ 0oog2 4 oose2 ooss2
0000Y 0001e 00G22 ococy 4 00see 00sse
000000y S
00090¢  0OOgvee 3
0006S2 000262 000989 00000DY 4 0OS¥ST osset
coove 000€s 4
000€9 ooo2y oooLy 000€L 4 0S¥l 0ss8et
00019€  0008¥T  0OOOIvE 4 00sst ooeie
00089  0002:9¢ 000269 4 001vl 0o6st
0006S2Y S
poo2¥e 000654 4 0OIvY 006S1T
0001ST 0006312  CODIOE 4 0088t opete
00092 00092%  00D0SST  OCOest 3 0svl 0ssel
“4v NV3IM
(8) J3IN34snNS WO (4) I3TIvs - iV $3853318
VIVd ANOILVA WNINVIIL

0101967452100

0101987252100

G10198Y252100
010198252100
0101987252100
0101987252100
010198v252100
0100987252100
0100397252100
0106997252100
0100987252100
0101987252100
0101987252100
616228205200
0101287252100
010128¥252100
010€28%252100
010287252100
0101280900100
G10£2805069100
010£290300100
0101280900100
010£280900100
G10£280500100
0101280906100
G10£280900100
010£280900100

0101288200100

010€£288400100
0101288200100
0101288200100

0101288.00100
0101289460100
0101289.00100

€ °°° re2t
NOIL41¥I§33

21e

212

2ie
4 ¢4
212
22
212
2
2ie
cte
2te
2ie
cre
cte
2te
4 ¥4
212
2ie
2ie
212
cte
2ie
2ie
2te
2te
2te
2te

cte
cie
2ie
2te
2ie

2ie
2ie

49

8€503

45508

9€501
SESOT
¥£S01
£€50T
2c508
1€50%
oSOl
62508

22508
92501
$2s0t
»2501
€2s01
22508
1250t
02¢0%
61s0t
8150t
21501
91508
S1s03
1 43911
€Is0t
2150t

11501
0303
6001
800t
408013

90501
$0s01

W3il

60



00022 ogove

1001
000€9
0002
oogve

000s
0006
00019
oooiet

10007
oogse
00028
00ose

00086

0oogs 00092

(§) J3IN34SNS ¥ (4) I3VIv4 - vivd

00065Y
000¢
00001
0002
00012
1002
00081
000ET
100€
0002¢
0000t
000¢
000t
0G0g6
0009
000%2
uisls]n) 4
oaory
0008
00062
000v201
0008
00001
00082
0009
0009€1
0002t
1000&
ooove
0ooge
000s¢
0ooee
0ooeet
coooy
oooie
0008
00002
[1]7-134
006sS
o0oes’
00see

0002y
0002
00013

00061
0002
00091
Go02t
000E
0008se
00011
000Y
666
000L8
000
0ogse
0og2y
000y
0008
00osE
0006€T
090¢€
6666
00022
0006
00016
000st
0000¢
000t
oogte
00oce
000SY
ooogve
00098
0002
ooo2er
0009¥
oLe6¢€
oooee
000s1
0002

uu.uu.u.uuu.uu.u.u.u.u.u.uu.u.u.uuu.u.u.u.u.n.n.u.u.u.u.u.u.u.u.h.u.uuu

ossee osvse
osesg 0si6€
osese osiee
ooe2¢ oonLE
osese osiee
osese 0s26€
00s€2 00s92
0sese ostiee
oo62¢ oonLE
o0gsee 00s92
o02see 0081ic
os2se 0s26€
009:.€ oorvey
0088t 51574 4
0ssoe osvve
0gsee 00592
ostie ossee
0s2se oszeg€
0sSO¢€ 119 444
oosee 00s92
osite ossee
ogeer 115V R 4
009.€ ocov2y
0SSO osvre
oose2 0o0s9e
cossi oczie
0ssse osiee
oooge Go0se
co2ee 1[s1- 243
0sese osi62
oooee2 00092
0sese osiee
ooses? ogese
oooge 0oose
0oese oosie
oosee 00s9e
opsee Dosse
0osv¥9l 0ss8t
ooee2 s]s]-3 44
ooese posit
ostte ossee

Ly NVY3H

$3$S31S

VLVA ANOILVA WNINVIIL

9100999207000
9150988207060
910099820000
910098807000
9150988.07000
9150988.0¥000
93005998.6Y000
9150398207000
910099820000
9100998.07000
9100988.5Y000
9100988,6v000
9150998207000
9100998.0v000
9100988207000
9100988.06Y000
9100988,0v000
910098820000
9100988.07000
9100988,0Y000
0350988.06Y000
0100988207000
6100988207000
0100988,0¥000
0100988207000
6100398207000
9100998,0.000
9100988.0.000
9150988202000
9100588,02000
9100988.6.600
0100988,0.000
0100988.02000
0100988202000
0160988.0,000
0100962200060
0160984400060
110€£185200500
110892900000
110,882900000
010£286,02200

1 3 SR {1
NOILd1%0833

812
812
gie
812
-3
812
g2
g2
8ie
812
224
sie
812
sie
812
gz
-3 4
812
812
812
812
812
812
812
812
812
gie
812
ete
8ie
8ie
gie
8ie
812
8t
122
1ee
oz2e
oz2e
gee
612

43y

18503
08501
62501
81508
44508
92508
$4501
vi501
€2508
22501
12501
0L$0%
69501
8950t
29501
99501
$9s0t
9501
£€950°
2950t
19501
0950t
6SS01
8ss0t
45501
95¢0%
1341: 13
14371114
€550
essot
1$501
0ssot
6v50T
ersol
L9501
14411
144913
2rsot
1rs01
orsot
6£s0t

WLl

61



0vs66

ore2s

000L¢
0001c

0009s
000vE
00os 1T
0000017
0000y
0001

09166

000.L
0002t
00Gv6
000y
000£9

ooote

orLevL
028¢s
001ISE

000001
0151 2]
000£2
00001

0o0r6
00083
000s€
000s1
oooril
Goo6Y
0go¢e
00s961
Gg2ssee
0GOTTE
1001°%
0G0S¢E
000L€
000€1
000¢c¢
0Gove
0001t
0008EE
1008
ooozy
10001
Gcoovy
els]sVR 433
10062
[sls]s] 4%
16052
000tt
100v
0000¢
0001
100Y
10002

114173
5143 4
050921
0000982
0000982
0o0061T
000¢2
00021
0o09 102
0009102
00006
0003
0003t
00080¢€
0006y
000¢2
06644
otuee
00065
Goott
0oove
000SS
5;5,5) 94
60069
oo e
000ct
00062¢
G0as
0oasy
60001
oost
00032
0oase
G00SE
000se
oooe
0G0v
0008¢
0002t
000¥
00002

(S) J3IN34SNS MO (4) T3TIve - vivd

(VR U PO TV PO TR P VR U U VU TV P PV Y TV U T TV T TV VU T VA VU PV TR T U T PO TR I TR TR o TR e

0s8s2 05162
0s02¢€ 513114
0582 Gs162
osrsi 0s$81
00881 0o212
005¢e2 00592
0o282 0081¢
oSyt osset
00881 00212
00s€2 00592
006282 0o81c
00881t 00212
oosee 00592
00282 G081E
oo5s2 45592
oo28e Co8lE
0oive oo6s T
06282 s 024
00881 55212
00881 coeiz
00282 Go81E
ooirt 0o65tT
00881 o662t
05282 SO81E
5528 4% Go6S T
Gsese 06S26€
gsti2 oseee
65832 6520¢€
05s61€ GS035¢
05852 05162
oo2se 5.01:343
60282 [£1s]: 393
pgsee 60sS2
06282 0O81E
on62e GolLE
oosee 560692
00282 ss]: 233
gcsese GSL6¢
0s8s2 gsi62

1V NY3IR

$3SS3NLS

VIVA ANOILVA WAINV.IIL

0100581900500
0100981900500
G10098:900500

01£09609£9000
01€09603£9000
01€09603€9000
01£05609£9000

O01€09603£9060
01£05603£9000
G1£09609£9000
G1€09609€9000
015096093000
01509603£3000
G100S609€9090
0153366.0v200
0100966207260
0109566400100
0109066200160
01099566.00100
G103660200100
0109666200100
0109565900100
0199666900100
G109065900100
0109560.00100
0109060206100
G1039060.00100
9100988.0v000
9150988207000
G100988.0v000
0106988407000
010098820¥000
9100988.07000
910606988L07000
910098820v000
91009882.0v000
9100988.0v000
9100988.07000
$100988207000

13 SIS 411
NOILd1¥D831

812
812
812

ete
812
g1z
8ic

812
812
82
812
812
812
812
812
812
812
812
812
giz
812
812
812
812
81e
81
812
812
eie
812
8l
gte
81
812
8ie
812
812
812
812

434

02901
61501
91308

41901
91301
§1s0%
v1907%

£1901
2is0%
119Gt
01901
60501
80301
20901
90308
$0303
v0901
€050%
20903
10208
0030°%
66501
86507T
46507
96508
6507
¥650%
£650°
26507
1650°%
0650t
6850%
8850t
48501
98501
$8601
¥8501
€8s01
28501

WALl

62



oogett

000191

0008sYy

0ooceT

D00SET

00012
0008s€

000651

000.82
00089
0001st
000¥2
000vL
oooret

000921
0008tEl
00086

0003¢§
00002¢
000002
00ore
000598
000312
00088LS
000sS
ootz
00031
0000¢
00082s¢
00009
000€€
000202
000097
00089t
00009
000OET
0000892
000L95¥
00082
000€L
0009S1
oooteze
0001stT
oooset
0ooset
oGcosY

GO0S6
0001s
00026
000s9
00022
cooore
0000s ¥
slelaleln}
000s8
00oosy
o2o6Y

00082
0006€
00098
ooose
0006S
00089
0002¢
00022
00022
000ST
o0ogte
000LS
000LY
ogoce
0goict
0GOTLT
000s9
0000€
0oaLe
000282
000r9s
00aL9
0001$
0000s1T
coo16t
000€S
00042
0002
000re
0006003
0000001
0006¥
slsir} 4 4
000sS
00002
000St3
000Se
00086
ooote
ooole
1194-14

($) Q3IN34SNS ¥ (4) I371vd - vivd

[ P T P PN PR U TR TV Y PR PR T P P, T TV P TV U P PV P M PR " P TR PO VR T R T TR " TR PR T TS TS O T

0000v 0
000ty 0
o002y 0
0003y 0
000ty 0
00s22 09622
00092 00092
00082 00082
0001¢ 0001€
000s€ 000S€
000€€ 000c€
0oas2 000s2
00062 00062
0G00¢ 0000¢
00022 0002
oosee oosze
00062 00062
0001¢ 0001€
0000€ 0000€
ootve 00azy
003st 0002s
00081 00009
00291 000vS
00981 00029
00081 00003
0aset 000s9
09se2 orvse
0o0cse 0081E
o9see ov¥se
ostite gsece
osite 1191
gstie 11913
ostie osseee
ostite osece
gstie osse2
ostite osece
osti2 osece
ostie ossee
osoz2¢ 0s19¢€
Ly NY3W
$3ss3MiS

VIVA AN9ILVd WNINV.LIL

910599809€9000 222
010$9809€9000 222
031059809£9000 222
DI0$9809£9000 222
010$9809£9000 222
91059809€9000 222
910$9809€9000 222
91059809€9000 222
91059809€9000 222
91059809€9000 222
91059809€9000 222
91059809£9000 222
91059809£9000 222
910$9809€9000 222
O1059809€9000 222
01059809€9000 222
01659809€9000 222
01G659809€9000 222
010S9809€9000 222
93059809€9000 222
91059809€9000 222
910598099000 222
91059809€9000 222
010$9809€9000 222
Ot0$9809€9000 222
0105$9809£9000 222

010098030£000 122
0150988.0£000 122

0100988.0€000 122
0100966500000 t22
0100986900000 122
010096£500000 122
016098£900000 122
0100966900000 122
0100986500000 122
010096€90G000 122
010098£900000 122
0160968900000 122
0100981900500 812

1) SN 431
NOTL4 140831 43y

65901
859501
45908
95901
€5901
75908
£$901
25908
15908
Gs901
67301
8v30t
473Gt
9730t
S¥o0l
r¥o0t
€v908
2v30t
1341014
ovsot
6£9018
8€908
4£90%
9€908
S€90T
€908

€€908
2¢s0t

1€308
0€90t
62901
82908
22301
92901
$2301
¥2301
£€2908
2290t
12901

WaLl

63



000ST
ooore

oooce 00061 00092 00002 4 0088t ooz2ie
000L€ 0009t 0G0zt 0000¢ 4 00881 ooeie
0se82e  000€z22 4 00ee 0081¢
Ori1291 Ov¥S6l 4 oo0zgee ooglc
00GYL12 00088S 4 002ee 0081¢
0682¢€s  OveYLY 3 00ese2 0081¢
092€0€  0OEY6SS 4 00zse oofit
0262.1 0€u22¢ OWLwsE 4 0ose2¢ 0oL
oole2e  o6utic 4 00282 008i¢
0.2129¢ O86Y10F 4 00282 008ie
0006641 000SS8 4 002se 008ic
00022¢  0022€1 34 0062t oonLE
000YSE 00096 4 0062t oonLE
000308 000205 4 002st 0086¢
0GOISE 00062vT 4 00282 0081¢
000t0Y  00O16Y 3 002gee 0osic
0002y 000sY 4 00282 0o8i¢
0006391 000891 3 00282 o081ie
00010€¢ 00Ou222 4 0s8se asiee
0008s€ 000219 4 00282 0o8le
000129% 000681  000880¥ 000S9¢€ 4 00ese 0081¢
0090€22 00932 4 0ss0¢ osvre
000.0Y  0O0OGEY 4 0o2se 0o8ie
0006£001 00032y 4 0oese [s1s]- 24
00010€ 00082t 4 0ssO¢ osvre
0000S.  000SES 0058YsE 4 00282 0o8le
00062t  0OO¥IT  OOO¥PS  GODOSSE 3 0oese 0osie
G0ov22  0OGvse 4 0SstIe ossee
0008 0003S 000€s 3 00002 0022
0Goct 0GoTY 00se 4 o0oes2 [s]s]:2 3
0008t 000c2 00061 4 00282 0081
elsls] 4 000y 000S 4 002se ala]:2 34
00662 06Gse 05081 4 00282 (0]0]-3 3
000207 0002£0% 0002:8% 4 00282 oosle
0008£6E 000EEe 4 0cose 0
000PYI1 0009.2 4 0000¢ 0
0009¢ o008t 4 000st o]
00026¥1 000f£2 4 O0ooege 0
0009§ ooore 4 0008t€ 0
000v¥€T  0OO8Y 4 Dooet 0
0006$ 0001$ 4 000s¢ 0
*1av NY3H
(§) J3IN3dsns ¥ () I3TIvy - iVl $3sS3MS
VLVd ANOILVA WNINVLIL

010£2809£6000
G10£28G95£6000
01012,88205200
0101.88.05200
0101288.88100
0101.88288100
0101288266000
0103.882,06000
0101.88L06000
0101.88.06500
01012.88.05500
01012.882.09000
0101288:05000
0101288.05000
0101288.05000
0121288.0v000
0101988.52100
010198852100
0101988252100
0101988452100
012128822€000
01212.88252000
0121.88.2€000
0121288.0v000
0121288.0v000
0121.88.0v000
010£981206200
010€981202100
010£188209000
D1GE188209000
010€£18¥200100
0102188209000
010€187200100
0106989208£00
91059809€9000
91059809£9000
91059809€9000
91059809€9000
91059809€£9000
91069809€9000
910$9809€9000

[ A 411
NOILdINO$]

se2
s22
vee
vee
vee
e
e
ree
ree
vze
vee
rz
vz
rvee
vee
ree
vee
L £24
ree
rze
vee
vze
vz2e
vee
vee
vee
022
02e
€22
€22
€22
€22
g£22
€22
ez
222
cze
cee
222
222
eze

Fx1 ]

86308

$890%

€8308
28903
18908
08308
62901
8290%
22908
91901
$4901
v4908
€2908
22908
14901
02901
69308
89901
49908
99908
$9901
3901
€990t
2990%1
19901
09908

WLl

64



092801

0ogLst

02262

000.8

ooo2¢l

06109

o8ivel

ooty

00092
000.6
00c0oY
Goov2t
00016
000v912

000S9ST

001S01
[11:4- 749

3} 7349
036252
Orisov

60061
000¥9
sleir) 4
000v9 1
GGOv0T
06660€92

0002691

000ty

osvell  0u.221
o2ree 06¢£6¢
0L0v¥1
02,86 016222
ocesve  0lIg9Ive
0s6.52  D109.€

00022

00018

00012

000001

000S1T1

000¢6
000se 0002
00066 000s9
0002¢€ 000.€
000s.% 00008
000¥1T  000129€
000.L22¢ 000¥LVE
0oose 00096

0002691 000EY6T
0002¢ 0oo¢e
0002 ooote
ooos
0001t
oogery 0oore

ooe2¢t
0699¢

otcere
osivoe
oErves
08259y
00006

00010L

000108
ooote
000s81
00082
0oocY
0001¢$
0000
0002y
00062
000EY
000v2
00012
0009vy
0ogve

066209
000sy
00096
0goge
00018
000y
000StTT
000seLE
ogovese
000201
00069
00001ve
000s¢€
ooos¢
0oos
000T?
ooore

0co68
02886
ocore
06591
ou2cit
VR (>4 4
oooLY
00062
0000002
0005502
00002
0009y
0000y
000s€
000969
00068
0009y
00088
0000y
00022
000291
0009$
0006¢
0009.5S
0009.5S
00092
005281
00021
000123
00062
000¥91
000998¢
oogrvaly
000sSt
00066
0000652
0cosY
00089
0006
ooozet
aoo0ege

(§) J3IN34SNS WO (4) I3V - vivd

n.u.uu.n.uu-u.uu.u.u.u.r.u.n.unh.u.u.u.u.u.u.u.u.u.u.uu.h.nn.u.un.u.n.uu.

oo2se 0o81le
ogse2 00592
05881 00212
0041$ 0oEes
ooaLy 000£S
ooe2y 0oLy
ooe2y ooy
0o62¢ oonLE
009.€ 0oy
009:.€ oovey
0062¢€ oot
co2se (17 43
0062¢ 1 1) 934
0000Y 0oosy
078 4 005ES
0oe2y oGy
ooe2ey 0oLy
ooy 000€S
oGz2y ooy
009.€ oorvey
009.¢€ oovey
0o62¢ GonLE
osese 05162
0088t oo2i2
osese ost62
cosat ooete
ostie osse2
osiie ossee
oosee 00ss2
oosee 0osse
0o2ee 0081
0o2see gosige
009.¢ oov2y
009.¢ oover
o088t goete

‘1Y NV3IH

$3sS3MS

VLVd ANOILVA WNINVLIIL

015€£81965200

G1G£€81955200

GI0£E9 1355200
0126980356000
0126580956000

G 1269809556500
01269609€9500
01265609£9000
G1269609€9050
8126580956000
UI26980966500
G1263909€9500
G1269809£9390
G12698TU9€3500
01269809 £3000
012698993000
G1263809€9500
01269803 €9500
0126580956500

0126380906500
01263809€9000
01269309€39500
010098€965500
015098€905665
0310098€955500
515098€906S000
G1809609€3000
01009603€9000
01809603€9000

010096095£90G0
01809609£9000
01009603£9000
01809659€£9000
01609605€9000
010£2809£60600

€F °°° et
NOI141%0833

gz2

822

8z2

22

22
222
22
22
2z
22
22
22
22
122
222
22
22
22

22
22
22
22
22
22
22
922
922
922

922
922
922
s2e
9z2
22

3

9¢€401

S€201

r€L01
€€.01
2£201

€201
0€208

82:01
22201
92:08
s2.01
v2.61
€201
2.0
12208
02,01
61,01

81.01
241,08
931408
2.0t
11201
01201
60408
90201
20.0%
90401

$0.01
v0.08
£0.08
20401
10,0t
00401

WiLl

65



000.01 000958 4 00881 oG2i2
05096¢6 000832 4 o579l oss8t
00022 00089 3 0OpzZ oorse
00011 0006 00001 4 0O52s¢ 0086¢
00092 0006 4 00282 oo8i¢
00032 00019 4 055¢2 00592
00010 000521 3 0o8st oo2ie
00011 00071 4 09282 0081¢
00Gvs 09012 4 098981 oo2ie
0oo¥2 0ooLl 4 00282 0081¢
000128  0OLS 00063922 3 00881 oo212
0oaLt 00551 4 0OG2s2 0o8itE
00G£9201 §
0008.6¥ 0559268 3 OS¥SE 0ss8t
ooaLe 15514 4 00282 oo8ie
0ootie 006821 GO9I 4 0S¥l oss8t
00051 00061 [50°9) 34 4 00282 0o81¢
Goo16 ORI 4 0o8sl oo2i2
GDG6S 0000¢ oo e 4 0Os¢€e 060592
00061 00022 0002t 4 05282 551333
GOo6L 050S0¢ 00068 4 o588t 6521e
0oovii 0008L 000¢8 4 00se2 06892
00082 155,93 3 o628 [2.31:3 3
00G92Y 0008 COo1EE 4 00881 0o2ie
0oory S
00065 .8.0] 4 4 4 oosee 06592
006082 ooove 00092 4 0h2se 6081¢€
0002¢ S
00002t 0032¢€ 4 0088l go212
06006 000¢2 5.50) 3 4 GOS8 oogle
6G02S GOOvL 4 Oosee 0ocee
05056 s
0008vl  00O0SE 4 0088t go2ie
oooew cooey 000662 3 0o2ed [5]51:2 39
00002 s
Doo2r 00532 4 Dosee 00sse
0008t s
000.6%  GOOEST 4 0088l ng2ie
ooory $
060009 ooory 4 opse2 00692
06ES o1se 4 oOo02st [s]v1:1-3
cLav NVY3W
(S) J3IN34SNS ¥O (4) J3TIvd - vivl $3SS3yLS
VAVd INOILVA WNINV.LIL

G1009809€9060 622
01009809€9000 622
0100980909000 622
0105980909000 622
0100380509000 622
0100980909000 622
G1v038030¥000 622
01v098090v000 622
GIr0e8030v000 622
O1rG38030¥000 622
GIrO98030¥G00 622
GIv0OA8090¥000 622

017098030V 000 622
01v09802GY000 622
012098090¥000 622
012098090v000 622
110£280906000 822
010€280906000 822
010€280906000 822
0158290906000 822
010£2809506000 822
110€280906000 822
110£280906000 822

010€280906000 822
110€2803660600 822

910€280306000 822
910€280906G00 822
4 10€280906000 822

9108480906000 822
916£480306000 822

910£.80906000 822

910£480506000 822

910€,80506000 822
010£€81505200 822

1 % SR 411
NOIL41%0831 43y

12208
0220t
69.01
89.08
49:.01
939,01
$9.01
¥3.08
£€9.01
29:01
19208
03.01

65201
85401
45,01
95201
$S201
¥s.08
€520°T
15208
05201
6v401
8vL01

47201
9v.01

$¥v.01
Yv.01
€vL01

2vL01
1r.0%

or. 01

6£401

B8EL01

L8407

Will

66



00062¥T 0001ISE 4 00282 008i¢ 0101288205000 1€2 01808

000S0%  0009¢ 4 00282 ooele O101.88.0Y000 1£2 60803

00CEGY 00016  0OO2ST 4 00282 0csie O101.88.0v000 1€2 80808
000102  000SST 4 0062t 005 0101.88.0v000 1£2 20903

DOOGSLE 006£S22 2 0o282 rls]° 344 O101288.0v000 1£2 90908

0000Y9  00020¥ 4 0os2e 00LE 0101288.0v000 1€2 S$0801

0006617 00092 4 0gese 0o86e 0301.88.0Y000 1€2 v0SOL

OO0EE0¥Y 0OOOL¥6  0D093€  00068T 4 0o2se 0081¢ 012190v42€000 1£2 <€080%
000¢€22 09992 4 0sSO¢ osvyre 0121907252000 1€2 20808

0000ty  0O0LOY 4 0Doe2ee oosic 0I2190V.2€000 1£2 1680

0008¥SE  000SLC 4 002e Gostie 012190720v000 1€2 DOSOE

D0082E  GGOI0E 4 Ossot osvre 0121906v207000 1£2 66208

0SO0ST  O%isvi 4 00282 0o8igE OIOIL009G62I00 152 86408

00€TLT  02065T 4 00sge 00s9e GI01200962100 1€2 26.0%

019822 GE6SYE  OS6ETL 4 0osege 00s92 0101400952100 1€2 96208
Or¥8lL  0O2IvES 0GOSy 4 002s2 oogle 0103200952100 1£2 56201
0698vE  0LSOIE 4 0O0see 00sse ST101.00962100 1€2 ¥6201

OIv0LT 066112  OSIE96 4 0gese ool OIOIL009S2100 1€2 26208
0182021 008225t 4  00s€2 00s92 DI0T.00962100 1€2 €620%8

Ov €262 02010 4 pose2 0os9e 0101200952100 1£2 16208

080018 0f9102 4 oosee 00§92 OT0T200962100 €2 06203

09098 006021 019622 OSis2t 4 008se 00262 010€980.05200 G€2 68,08
020891  0O0O02PT 4 00sse 00262 010€980405200 O€2 ©8201

009¢€s 0seoL 4 0oéet ootLe 010£980206200 0€2 28208

00G8yY 0oorst 34 0g62¢ oonLe 0101280207000 622 98208

00062 0008t 34 00s:¢ oover 0101.802G9000 622 $8.01

00000001 §

0001se 00C0S2y 00GO0GOT 4 00282 oosie 0101.80:.0v000 622 v8.01
000€€82 000602 4 0009t 0oost 010098G.0v000 622 £840%

00022%  00G19T 4 0Osvotl 0sset 0100980.0¥000 622 28201

0goet 00GET 4 0oece 00nL€ 01009802.0v000 622 18408

0ogose 000S€T 3 0cssl agete 0100980.0v000 622 03201

00092 0002 4 00282 oosi¢ 0100980.0v000 622 64408

0ooori 0001 4 00ese 0o81e 0100980209000 622 81408

00000008 S

00089 0000000F 4 gosst ogeie 0100980.09000 622 24408

000891 000261 4 0s0ost 0s691 010098090¥000 622 91208

000601 100601 4 0svs1 0ss8l 010098090Y000 622 $..01

00016 000ss 4 0088t ogetie 010098030v000 622 ¥.401

0008 0009 4 Ooeet ootLe 0100980907000 622 €.2401

00061 ooots 4 Ooeee oosle 010098090Y000 622 2.408

el NVY3IH €T eg2t
($) J3IN3dSNS WO (4 T3TIv4 - viv] $3SS3NIS NOIL1d41¥1831 43 WALl

VLVA ANOILVA WNINVLIIL

67



ootcse 0v09L 4 oOo02gse 0081¢

0292208 020¢6Y 4 0088t oozie

0£976 o216 4 oosee 00ss2

ostLsS 0959§ 4 0o02s2 (117-334

03.%vS0OY 0S4298  GEOO9SY 3 o0sese 05691
ocyosSy  08290¢€ 4 0s2is 0s.81

025591 062911 4 00s:¢ oosee

016952  OSEveL 4 oosge Gos9e

006s2¢  02rtig 4 00282 o008l

00SvL 00163 5.1)¢-V3 4 0062t oonLE
cote2ry 00289 4 0oezc oonLE

0Ov61t  OO1IsY 00cL 1t 4 o0oez2t oonLE
00v2€T GOl OOuss 4 0062t oouLE
GO9T.y  0O005.t 4 00282 0081e

00€SIT 00696 00€26 4 0062t oonLE
00012¢  00O02Y1 4 0062t oonLE

00362 00622 3 00282 008ic

00696 00829 00s99 4 0062t oonLE
0006sy  0Ot€i2Y  00vELl 4 0o2s2 0081¢
003962 002.01 4 0062t oolLE

0000000 S

002003 098262 05000001 4 00282 008ig
00825t GOvril  0OE8S 4 0062t 1) 924
06056S GO96¢ 34 G09L¢ oovey

00629 [ 244 4 0gese oosic

0628002  0828.1 4 00282 0081¢

ossvil 02206 4 0oese [1]8]-1 33

OESy¥SE  02vvs2 Olvvee 4 00282 oosi¢
0s882€  000€22 3 oo2se 008ic

Ovi291  O¥vS6l 3 oo2se ooele

0682¢£S  068YLY 4 00282 oG8ite

0osvi12 DOESES 4 0O0ese 9081¢

OEv¥69S  092€0¢€ 4 00282 oosig€

DIL¥9€ 022  02saLl 4 Ooez2t oounLe
G0162€  06L11€ 4 oo2see o081

086v101 0L129¢ 4 00ese oosig

0o010SY 000062 4 ooese oosie

00066L1 000SS8 4 0ocse oositc

00022¢  0002El 4 ooez2¢ oonLe

00096  0OOYSE 4 ocez2¢ ootLe

600908  00020% 4 Oo2ste ale}-133

el NV

($) G3IIN34SNS WO (4) I3TIvd - vivd $35S3uLS
V.IVA ANOILVA WNINV.LIL

910£280452100
010£280452100
010€280252100
010€280252100
0103287952100
0101287952100
0161287952100
0101287352100
GI01.8¥352100
0101280452100
0101280252100
0101280252100
0151280252100
0101.87952100
0101287952160
010128v952100
010128v952100
0161287952100
0101287352100
0101287952100

OIGT.8¥952100
01G128¥952100
010128¥9521060
010128v2<2100
0101280452160
0101280252100
0101.80252100
0101.88205200
0101.88205200
0101.88288100
0101488288100
0101288206000
01012.884G6000
0101288206000
0101.88206000
0101288.09000
0101488203000
0101288209000
0101288209000
0101.88209000

3 SR 4 )
NOIL141%0833

€2
€2
1e2
€2
€2
iee
€2
ice
12
12
€2
1374
1€2
€2
1€2
€2
1ce
12
1343
ice

ice
iee
1€
iee
1ee
€2
1€e
€2
1ce
€2
ice
1ce
ice
1ce
€2
1€e
1ee
1ce
1ee
1ce

43y

Sv80%

17908

6£801

4£9808
9¢£80%

oceot
62801
82801
42808
9280°%
s280t
¥2801
€2801

61801
81801
41808
91808
si1801
v1i80t
€1801
2180t
11801

waLl

68



0008€S

000891

00012

000562

0003ge

09022y 0OL6.6€

009828
00088}
000621
oogzve
000L8€
0oosge
ooozet
0000s5¢
000202
000£01
00016
060012
00oest
0008
000s201
0008s
00061
000vet
00096
000SSEY
ooovee
ooosee
ocooe2t
0008t
0001vS
000681
0000822
0009vYl
00096
ooogte
0006zt
0001¢
000sv
00c0t?
oooty
oooioe
0006s
slslr) 4 4 2
000.6
oss9ve
02006¢€

000,87
000401
000101
ooocie
pooese
00088t
00088
000222
00Gi8t
000se
oogevee
00028¢1
000g2t
0000Y
0001681
000¢€9
000651
0000€d
000v6
000026€
00062t
0000v1T
000211
00021
000Lve
0600sst
000916
00028¢€S
Goosy
000881
0oDgest
0oose
oooegc
00062
ooooy
00000t
0001s
000EYIT
00089
009061
0g9ese

(S) J3IN34SNS ¥ (4) d371v4 - vivd

u.u.uu.u.uu.uu.u.h.u.u.u.u.u.u.uu.u.h.u.u.uu.u.u.u.u.uun.h.h.u.h.u.uuuu.

05852 05162
06282 0081¢
0062¢ (175} %
066282 0081€
0$852 os162
00282 0081¢
0062¢€ ooLE
00282 0081¢€
0062¢ 0032€
0092€ ocr2y
05852 0s162
00282 0O081E
0062¢€ 0032€
009.€ oov2y
00282 0081¢
009L€ oov2y
os8s2 gsi62
05282 0083€
0062¢ 75} 91
00282 0o8lE
06562¢ 0oIL€
00282 0081¢E
0062¢ oouLe
6062¢ 00T2€
00282 0osIe
coor2 0G09S
o0sese2 05162
06282 0081¢
00s€2 00592
0Gsst oo212
0s112 ossee2
60s€2 00592
pose2 00592
00881 oo2t12
pos€2 00592
oose2 00592
00282 0081¢
pos€2 00592
00282 0081¢
ooz2s2 e s]-343
co282 0081¢

1V NY3H

S35S3NIS

VLIVA AN91LVA WNINV.LIL

0171:993€9000
01712999€9500
OIv1.809€9500
01212809£9600
G1212809£90500
01212809£9600
01032809€9600
G1012899€95000
030180995650
01032809 €9G00
01032999€90G0
01012809€9000
O01032809€9500
O1012859€5G00
01612809€9500
O1012805€9500
01012809€9000
01512903 £9600
01012809€9500
01G12809€95060
O10GT2809€3600
01012809€9500
O1612809€9000
01012809€90600
01012809€9000
GIG12809€9500
01012809€9000
01012809€9000
010128050000
010128090v000
010128095vG00
0101280907000
010128090v000
G10128090¥0G0
0161.8090v050
0106128090v000
0101280907000
0101.8090¥000
0101280907000
0101280452100
0101.80452100

13 SR 414
NOJL41I%083]

€2
i€e
144
€2
17
1374
[ $74
€2
€2
1374
€2
€2
ie2
€2
1€2
1ee
137
137
€2
1€
iee
€2
€2
iee
1€2
i1ee
iee
€2
1ee
1e2
€2
ige
1ee
€2
1ee
131
131
€2
131
iee
131

3

W3l

69



G6G0101 00016 4 0s1t os2cl 010118092.000 1€2 2£601
GGO09 0002s 4 oot 00651 010118092.000 1€2 1£60%
0ooti6t 00G65 1 4 00v6 00301 010€£18092.000 1€2 0O£60%
000€92 0OOLIT 0GO101 4 0CIvt 00651 010€£18092.000 1€2 6260°
GooYe 00GSL 4 0ot G065 1 010£18092.000 1€2 82601
000.0€  009¢92 4 00v6 00301 G10£18092.000 1€2 22601
000921  GO0101 4 0orl 00651 010£18092.000 1€2 92601
00019 0000¢ 4 0088t oo2gie 010€18092,000 1€2 $260%
000291 000671 4 0s0L 0s62 010£18092.000 1€2 ¥260%
00029 03359 003019 4 00v6 G030t 015£18092.000 1€2 €2601
0002vE  000S22 4 DsOL 0s6L 010€18092.000 12 22601
000ETT  OT0ETT 4 00v6 00901 010€18092.000 1£2 12608
0506y 000ty 4 ooirt 006S1 010£18092.000 €2 02601
000202 000.ST 4 00v6 00301 010£18092,000 1€2 61601
05056 00029 4 COive 006s1 010£318092.000 1€2 81601
600152 00006 4 Dosee 00s92 012£€80952100 1€2 21608
GoOvy6  00089L 4 00Irt 006s1 010££80952100 1€2 91601
GoOLTl Go091E 4 0Oosst ggeie 010€£80952100 1€2 S1601
oo0622 00O00ET 4 0ossl oceie 010£€80952100 1€2 ¥v160°T
00068 00as8 4 0osge 00592 010€€80962100 1€2 €1607T
00O0SEY  050g2T 4 0088l oo2te 010€£80952100 1€2 21601
000,42 000vL 4 0088l go2ie 010££80962100 1€2 11601
G60090€ 000561 4 0s¥9l 0ss8t 010€€80962100 1€2 01601
Goove GGO99 4 0osee 00692 010£€80962100 1€2 60601
0003651 0O0ottTe 4 0osge 00592 010€€80952100 1€2 80601
GoGTY 00061 4 0o2s2 [s]a]-1 43 0I0E€80952100 1€2 L0601
GoO01EL G0090L 4 0sutt osecl 010€28v20v000 1€2 90601
0602021 0009611 4 0OSLTd 0s2el 010€28v22€000 1€2 SO60%
00061 000S 1 4 0ooese Go81€ 010€28v20¥000 1€2 v0601
v156 2€LS SS19 E] SIVO1 “dWV 318VINVA 9801.80.0v000 1€2 €0601
0¥391 80¥11 092est d SIVO1 *4WVY 31dVINVA 0801280.GY000 1€2 20601
66Sv1 66961 €989 4 00282 sls]: 23 9101.80,07000 1€2 10601
ol6ve 69012 4 0028 ooste 0101,80.0¥000 €2 0060%
v1s6 2€LS 9619 4 0o0ese a]o]: 34 9101480.0¥Y000 1€2 66801
ov991 8G¥1l 092es1 4 00ese 0081g 0101,.80,07Y000 1€2 86801
0oosY oooey 4 0o2se 0os8ig 0101.88.52100 1€¢ <.6801
000691 060891 4 oozse oosle 0101288252100 1€2 96801
6602222 00010€ 4 6862 osi62 0101,88452100 €2 66801
060219  DOOESE 4 ooese 008t 0101.88452100 1€2 ¥680%
coceet 000151 4 00see 00692 0101.809€9000 1€2 €6801
p006s2t  00050§ 4 00881 ooz2ie D1v1.809€9000 1€2 26801
“Lyv NVY3H 13 SRR 34
(§) Q3IN34SNS ¥ (4) I3TIvd - vivd $3$S3AulS NOI141%3833 438 WLl
V.IVA ANOILVA WNINVIIL

70



79ES
029y
06901
ovazy
€126
02sst
141194
0859€

000€T1

00080¢

00022

oooiee

0000¥1

969¢
2169
02901
ovise
€586
€961y
68,01
s8sve
GOOTIt
0008¢
ooovet
0cosy
000c61
00082
00001
00008
00080S
00056
000L€
000022
000901
0G0691T
00088
0009%2
00012
0ooest
00086

0ooeet
00006

000281
000sS

00022
000.81
oooest
0o0est
0009€01
0009S

slslsl 444
0oo6vi
Gcooves

96¢€¢€
orvil
p2ict
az2ve
9¢201
6L192
91L1t
4491
00026
0o02¢
000001
oco2y
000021
G000L
000991
00009
COoGTY
000€L
00011
0o0est
000¢e
000891
0009
000€9
00061
000s6
00028
000222
oooz22z2
ooove
000291
000¥vS
0o09te
00026
000TLT
00026
0002¥1
000sS
000€6€
elelele} 34
00091$

($) d3IN34SNS ¥ (3) I37Ivye - wivd

h.l.Ll.Lh.h.h.uh.h.h.uu.ILﬂh.u.h.h.h.lbh.h.h.h.h.lsll.h.hh.kh.hh.h.IA.IA.ILIA.IA.IL

SIVOT “dWY 3TEGVINVA 98059809GYGO0
SIVOT "dWv 3IVGVINVA 085038030v000
00082 0o02¢ 910098090v000
00082 0002¢e 6100580507000
00082 oocze 915098090¥000
06082 0002¢ 010598050vY000
00082 0002e 910998030v000
00082 0002E 015098090¥000
00881 oo2ie 0165900900000
oosee 00sse G100900905000
00tvi 0o6st G1809G0991000
00881 oo2te 018030099 1000
oo1ive ocest 012£1809070G00
00881 ocg2ie 012€18095v000
00ivt 006s 1 012€18030v000
00881 ocete 012E18090v000
ooive 006st 010€180922000
0088t ooctie 010£1809522000
oosg2 oosse 010£18092.000
oosee 00sse 010£180922.000
0ozZse oosic 010€£180922000
00v6 00901 010€£18092.000
001l 006s 1 010£18092.000
0088t oo2te 015€180922000
oosee 00592 D10£18032.000
oose2 00s92 010££8092.000
00282 oosie G10£€80922000
oosge 00s92 01561€8092.000
ooese 0ostie 0161£8092.000
00282 ogsie 015££8092.000
ooece [s1] 734 010££80922000
o0osge 00592 010€£8092.000
00282 oosIc 010£€£80922000
oosee 00s92 010££8092.000
002s2 oosie 010££80922000
oove 00901 010£18092.000
ootrt 006s1 010€£180922000
ooveé 00901 01G£18092L000
ooivl 006s? 010€18092.000
ooveé 00s0t 0101180924000
4y NY3R 3 SN 41
$3s53u18 NOIL41¥D831

VAVd ANOILVA WNINVLIL

€2
ice
1€e
€2
€2
€2
i€e
12

h A
v

i1€2
€2
€2
1ee
1€2
144
€2
1€e
1€
ice
€2
ice
1€
€2
€2

1ee

1€2
iee

1334
1ee
1ce
ice
1ce
i€e
1€
1414
133
1ce
111
ise
131

3y

2,601
12608

WiLt

11



72

TITANIUM FATIGUE DATA

- FAILEL (F) OR SUSFENLEL (S)

BATA

"

REF CESCRIPTICON

ITEm

<

13

1234 ...

g 8
S

ﬂﬂﬂﬂﬂﬂﬂ

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

uuuuuuuuuuuuuuuuuuuuuuuuuuuuu L T TS "R P TR M M M P T TS

SHEEE R I H
HH PR R R H

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

SSEEEECGEIEEEE SEIcEIGSEEEEEaEsEEaEaES
S R L R L
TEEGOGEEAEEEEY GNRONNNNMABIAIAIANAAANANLY
R R I

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ



000s?
0001y
0o0LE

0001Y€E
000es Tt
000£1
0006y
0006€1  DOOSE
00028
000101
00922 00099
000L8
000691
oo e
000S€
000101
000021

000221
0009S
000s€ 10 1) 43
000S9
000€92 0O0QLT
0001 0006
000S€ 000s2
000281
000
00022
ooo22
000€26
0009¢
oooee
000€9
00001
00081
ooory
00092t
ooorve
coori
o002t

:

[N TV YOO TR TURN U TR TR PO U TR TU T T PO T PR MU T T MO PR N I P PR P P "R e T TR P T P P P B

00022
0002

000$

00091
0000¢€
00081
00011
000.2

($) J3IN34SNS W (J) d3TIvd - vl

REAREEEARRERE BES

i
TUURREETTREREERETTUUO QRARRERETUURY BRE

ooove

. oooYe

0003¢
GoCcre
0oocE
000tE
GO0OoE
00632

ooote
00007
0G009¢
000s€
*1v NV
$3SS3uiS

VLIV ANOILVA WNINV.LIL

010098282v000 2€2
0100982827000 2€2
010098282v000 2£2

010098282v000 2£2
010098282vY000 2¢£2
010098282Y000 2€2
010098282Y000 2¢£2
010098282000 2¢2
010098282¥000 2€2
010098282¥Y000 2£2
G10098282Y000 2¢2
010098282v000 2€2
010098282¥000 2£2
010098282v000 <2£2
010098282y000 2£2
010098282000 2€2
010098282Y000 2£2

010098282v000 2€2
010098282v000 2€2
010098282¥Y000 2£2
010098282¥000 2€2
010098282¥000 2€2
1156098282v000 2€£2
1100982827000 2€2
110098282¥000 2€2
1100982827000 2€2
1100982827000 2£2
110098282¥000 2¢2
116098282v000 2€2
110098282000 2¢€2
1100982827000 2€2
110098282v000 2¢€2
110098282v000 2¢£2
1100982827000 2€2
1100982827000 2£2
310098282¥000 2€2
1100982827000 2€2
1100982827000 2€2
1100982827000 2€2

[ SRR 4T
NOILdINO$IY 43

1s013
0501t
67013

$roll
49013
9volt
SYOIt
144127
€v011
2yoll
1347137
orolt
6£01T
8c01t
45013
9¢01t
SEOIs

127199
€€01T
2018
1€03t
ocotl
62011
8201t
22013
92013
s201t
v2018
€201
2201t
12011
o201t
61011
81011
41018
91011
$1011
vi01%
c€iott

WiLl

73



DO9801  OSErS 4 0seoe osLve

00S49%  GOI2ST  0OS8IT 4 0959t orege

00082 Do2se oosre 4 0oere o0z62

0G6€1 oou2t oovel 4 srree §596¢€

0G29 008 GOSS 4 §9f0Y SECEY

0002¢€?  00oOu8 0o0t8 00032 4 00see 00ss2

00002 0003y 4 00see 00§32

00021t 00089 0001s DOO6Y 4 DsiEe osetee

DOCIST 00526 0GOory 4 0Ostite osete2

0008SY  0OOY.1  GOOO¥VE  000SIE 4 0ste osseee

GO00ST  000SL 4 0stie os8ce

O0CIST  COooYL D00S9 000sS 4 0stE ossece

000w, 00022 00002 4 0stite oseee

000€E? 000921  GO0OOT 00086 4 0ste ossee

0O08El 00058 00oce 4 0siEe ossece
0o2s oo9Y oasy 0ose 3 SIVOT °“dWY 37GVINVA
GosY oosy 000¢ 0001 E] SIVOT °“dHY 3TGVINVA
0059 0ses 009§ 0096 3 SIVOT “dWY 31GVINVA
00s9 0s€9 0009 009S 4 SIVOT °dWY 37GVINVA
0o¢ce 000s 4 SIVOT “dWV 3TGVINVA
00gse Doove 06291 ooré E] SIVOT “dWY 31GVINVA
00502 00561 0s9st 009s1 3 SIVOT °“dWVY INEVINVA

D0922¢  009:62 006622 4 0seit (11733

D6S8ET  0S86L 00v.9 4 0seit 0s2€1

0g92€2 080281 4 0seit 11789

o521 Oves2l 4 0seit 0S.L€1

00€252 000261 00G101 4 0seit 0s2€1

095€21  2v099 000SS 4 Dsert 11783

006881 696111 4 0s2it 0sec€l

osv¥¥02  vsi2Ll 4 0seit 0s.€1

080¢ 0912 oeLl 4 Doosv Doose

0926 oz2¥s 0s1s 4 0000€ 0gose

0Go6Y slslsVR 4 oootge 4 ©oost ooose

0008 1] £7 0s09 4 00ose 0o0ose

0008s 000y 000ty 4 000st ooos2

000S €0StT 6¥6 4 000SsS 000se

0oogst 00o0st ooort 00011 0000t 34 0581 0se9

0009y 0GosY ooovy 4 0002t 0coor

00096 00008 000¥%L 4 oocoot ooooy

0GOY0E  00O0OET 4 0008 0coor

000i8e  0009IE 4 000s GoooY

el NY3H

(S) J3IN34SNS ¥O (4) I371v4d - vivd $3SS3418
VLIVd ANOILVA WNINVIIL

0100988905000
0100388905000
0100988905000
0100388905000
0100388905000
0100962452100
0100982252100
0160966352100
0160986952100
0100366952100
0100986952100
016096€952100
016098€952100
010096£952100
010098€952100
110118090v000
1161 18090¥000
110118050Y000
110118090¥000
L1101 180S0¥000
110118090Y000
1101180S0¥000
810118822€000
910118822€000
010118822€000
010118822€000
6101188.2€000
4101188445000
1101188452000
110118822€000
9102182857000
910218285¥000
9102182859000
010218285¥000
010218285v000
010218285¥000
010218285¥000
010098282000
010098282v000
010098282¥000
010098282¥000

13 S 411
NOILd1¥0830

122
i£2
152
i52
1522
9t2
9€2
se2
s
S
S
S
S
S
ST

NERRRRRA

RAIARAN

N

142
ree
ree
ree
ree
ree
ree
ree
£€e
€ee
£ee
€€
€ee2
g€ee
£€e
2ge
2ge
ege
2¢e

43y

26011
16013
06011
68011
88011
48018
98011
S80It
801l
€901t
2301t
1801t
osotl
6,013
8.013
42018
9.018
Si1011
v.013
€2013
2.0t
12033
0.0t
69018
89018
49018
99011
$9011
301t
€901t
23081
19013
0s01t
65013
8s011
45011
95011
$s018
¥s013
13714
25018

W3ll

74



000te

00091

0coost

0002t

000.L%

000st
000st 0002t
00043
0002t 00021

0000127 000026
000207 0000

0O0E9E

000602 000681
0002

oote2
coeet
osve

0098t
0ov9
oovLes
0s8ys
osiee
0s10%
oosy

($) J3IN34sSnS ¥ (4 T37Ivd - vivd

00013
osoLt
000L$
0001¢
ootz
0coce
[50.0) %
00OtS
00021
00011
00081
0002t
ooaLt
0002t
00001
000st
00011
ogiet
0008¢t
0006€
0001v6
0006€
000s
00003¢€
000711
000tve
0005
002¢6
00082
00s6
00se
0082t
0osz2t
0seLE
osert
oors
0S9E6
ooeey
0s2st
0096
oovy

00021
000L1
00082
0003¢€

000t
000€S
00029
0000t
00007
0001

00021

000s1
0001t
00021
000s0%
00081
000889
000€1
000¢
000Y1t

00024
000v2
00£29
0s€se
0089
oSt
0s€0¢
000tS
08562
0stit
00s¢
ooges
00.€€
05091
0s8s
00L¢

(AR PR PUSY TR TR TR TR TYGR TURRY TR T PO TR PO PN U TR P PO P MU P T PR TR TRy PO "R TR PR PO PR PR R R A P P P

000SE 00002
0000€ 00002
00092 00002
0o0€2 00002
0000Y o
0009¢ o
000S€ o
ooove o
0000y 00009
0o0CY 00009
0000Y 00009
0000y 00009
0000Y 00009
0GOGY 00009
0000Y 00009
0000y 00009
0000Y 00009
0000S 00009
os2se osL6€
oooLy 000€S
sesyy $1908
orvLs 09¥99
00SS6 o
oosLY o
00096 0
Ds2s¢ osL6¢
ooozy 000SS
os.8t 0s211
s2182 52891
00s.€ 00522
0000S 0000€
00912 oovs2
00681 ooi€2
0202 osLv2
000L2 ooos¢
0009€ ooovy
0002 0003
05,82 os2.t
osLe€ 05202
8905 25022
£9095 L598€
1 NV3H
$3s53uLS

VIVd ANOILVA WRINVLIIL

110099292y000 252
110098282Y000 2£2
110099282000 2£2
1310098282000 2£2
110038282y000 22
1310098282v000 22
1300982827000 2£2
110098282v000 2£2
310098282y000 22
110098292v000 2£2
110098282y000 2£2
110098282Y000 2£2
110098282y000 2£2
110098282y000 2£2
130098282v000 2£2
110098282y000 22
110098282y000 2£2
110098282y000 2€2
0126250952100 212
0126260952100 212
0206100962100 212
0206100952100 212
0206100952100 212
0206100952100 212
0226100952100 212
0126280952300 212
0126,80952100 212
9100988905000 282
9100988905000 2€2
9100988905000 452
9100988905000 2€2
9100988905000 2€2
9100988905000 L£2
9100988905000 2£2
9100988905000 2€2
9100989905000 £4€2
0100988905000 2€2
0100988905000 2€2
010098890S000 L£2
0100988905000 2€2
0100988905000 L£2

[ N, 4t 1
NOILJINOS3T  43¥

12323
Fi4334
153239
ocINn
62118
82iit
22118
92t
[T29494
L 421
€211t
221
21
o2tit
61113
8illt
41118
212914
SIIIT
1 22917
€It
F49494%4
123224
1119999
60118
801l
40118
901t
SOtte
141243
€Ot1l
2011
111349
oot
66011
86011
46011
96018
$6011
¥6011
£6018

H3ill

75



0002F  000S 4 ooost 0GGOY
0002 00013 4 oooet 0000Y
0008T  DOODL6 4 000t 0000Y
0006€  0DOZE  0OOSE 4 ooo2t 0CooY
00019 00028  OODOSS 4 00001 00G0Y
0COSTY 00022T 4 0008 0000Y
DOOET  000T3 4 ooosg 00602
00O¥Y®  000€l 4 oooot 00002
0SOST  000St 4 00092 00002
0008t 00002 3 ooove 00002

0OOTT  00COB 3 ooost 0

000 00002 4 ooosg 0

000L%  0O0OSl 4 ooore o

0006% 00093 4 ooose 0
00009 00019 4 ooogt 0GooY
000YS  GOO9L 4 ooozt 0Co0Y
000611  0O0O2L 4 0001t 00COY
*1v NY3M

(S$) J3UIN34SNS MO (4 a37Iv4 - viva s3ss3uLs
VIVA ANOILVA WNINVLIIL

110098282v030
116G98282v000
110098282y000
116098282v000
1106098282v000
116098282v000
110098282000
110098282¥000
1100982827000
1100982827000
1100982827000
110098282¥000
110098282v000
110098282¥000
1100982827000
110098282v000
1100982827000

€3 °°°  re2y
NOILdINO$3]

eee
eee
2¢2
ege
2e2
2ge
2¢e
2ge
2ge
eee
2e2
ee2
g2
ege
ege
ete
ege

43

112934
67111
eriie
47118
149494
SYIIt
144313
134294
erite
rits
orieg
(1993
113333
4£5118
1931
113234
14333

Wil

76



09012
0002¢
0o0g2e
00001
0€9209¢
oré6ie
000L
oo0tY
0002
00012 000vY6LY 0GO9ET

1.0] 4 4 000sS 0002y
00002
00s9 0002
o6ve 05] 44
0261
2er9
1s¢
€2t
000€Y
coose
00071t
0006¢
00ove
00ocY
00081
00012
0oote
000se oogze
0002
000ET
0009
000y
00o¢
0002
0006s
00012
0ooet
00s8se
096962
0002

0006.61
000TS
00002
0008
Gores
o1est
0912
00062
0008
0008¢€
00o2tie
ooo2tie
000S1
006S
oole
0981
sie
68t
2Ll
0600t
000541
00Tl
0002¢
0oocY
0009¢
000ty
00006
00002
00022
0009Y
000S1
0019
000Ss
oooY
oote
00082
00061
ootet
02861
0829
oser

($) J3IN3dSNS ¥O (4) d3TIve - viva

VIVd ANDILVA TAALS

LT T o T T T T R T M " TR RO VR VOO VO TR R T VU TUN PR TR TR TV TR RN TSN J "N " T M T TRR MR TR T 1Y

DOSSE 00sSE
0os1iy OoSiy
oosLy oosLy
0056 0056S
05262 osis€
Osi€€ oseiy
000S¢ 000re
0000¥ 000
0000 0000S
osz2y gs22es
000S v 000sS
00ors 00039
000%S 00022
00022 00088
00018 00066
00006 000018
000808 0002¢t
0oovYe G009 1
000S9 0
00009 0
0000, o
0000s (1]
00002 0
000SS o
00ore Go31s
00082 0og2y
0G0sE 0oovs
0000¢ 00002
000s¢ 000S€
0000Y 0300y
0000S 0000S
00009 00009
0029 00649
000S2 000sL
0OStY 0osty
oosLy oosLy
00s6s 0056$
0009¢ oSOy
00022 000€€
0%o2L 00088
el NY3H
$3ss3us

0105965Y00150
0100965v001S0
0100965 y001s50
010096SY001S0
9106365705250
9106965705250
O10598SYrSESO
0105985 rYseso
O10598SY¥SESOD
010698S¥.S€S0

D1I0S98S¥LSES0
010598SPLSESO
010698SY25€S0
O10558SY2LS€S0
010698S¥25€S0
010698S725€S0
O10598S¥25€S0
GIGS98SPLSESO
0156965 00030
010696S¥00030
0156965 ¥00090
010698 ¥00090
0166985 ¥00050
G10638S¥00090
0156698$¥00030
010698S¥00090
0166965¥00090
010596Y¥¥SEYD
010696¥PPSEVD
D10S96YY¥SEYD
010596¥¥¥SEYD
010596¥YPSEY0
010596¥¥¥SEVD
0105967PPSEY0
01009677001¥0
010096¥Y001%0
010096¥¥001¥0
910696€v052€0
910696£v052¢€0
910696£v052¢€0

13 SR 4 < 1
NOIL141%0833

O£€
o£g
oce
(144
oce
oce
(1149
ose
134
GEE

oce
114
oce
oee
ocs
ose
ote
ote
oge
oce
1143
oce
oce
(113
oce
1114
oce
oge
oce
oee
(1144
oce
ose
oce
oce
oce
oce
1134
1134
(1149

43y

ovooeS
6£002

4£002
9£002
S€002

€€002S
2€002
1€002

82002
42002
92002
$2002
v2002
£2002
22002
12002

61002
81002
21002
stiog2
s1002
vi0G62
€1002
21002
11002
oto02
60002
80002
40002
90002
$0002
¥0002
€0002
20002
10002

Wil

77



oceecy

00¥35665 09702189

0v218.5 0009€vS

008.0¥32

00gv26E
088509

096v09¢8 02¢2.62¢2

0959811

09€6£6

162
€1t
L8

(34
(-2

08824¢
Grivel
00v3s

gocee8y

G0s8101
ovorel

09226631

ovsoLe
ovevLy
o2geetl
09089301
00oveee

0861108
00968y
026¥¥2S1

08099L

s8e
€1

8Lt
1414
1233

00999¢
050vv1
008sS

0906vvY
ooov6ee
114294
056291
oocL8

0v2v6632
00G821¢el

0os6162
00SOo1E
oogvel
00025L¥
0517832
002€€L

ooctesgee
626982¥
00038y
00vS099
g2sveee
000892
008682
ovsre

oe
182
ie
| ¥4
20t
6£€
194
6

08v2e6lL
oresie
05621
008ssS

o8veeeYe
[s] Srrrr
ovoesel
00088
Ccv2stl
ovee6s

00v0n2562
Ov90E8s

0096521
008061
0asSv6
Gves8oY
G2eT192
006603
915103
088957862
08802991
OvG2LSE
026085
00081vs
oGvve6l
s]s}:1:3 2%
091812
0sLLe

€5

ice

86

62

-84

£9¢€

9L

19
0315£€66
0915€£66
026862
0osL11
oriey
088eLe601T
088eL €601
0o2iirvt
o26c6el
09625
50288
09€€9
082861201
082861.01
o8vo26y
G21608L
024756
0o21st
518171
00, v28%
ovvee9l
a8y ¥9s
052062
68028¢ve
088£0.07
091112
08v¥as
085€992
00€0.21
sli11 ]
026¢£61
002v9
0006L61

(S) J3IN34sSnS ¥ (J) I37Ive - Vivd

VivVad AN9I1LVA THHLS

L T T T P e T P P T o T T o T P o " "W JO VW Py P Py VW PV 7, I TV A P P, I T A PR P PR P PR

Gcosert
005528
ogseri
000651
005601
00aL6

005601
0os2t

osrse
08282
ozcv2y
09596

ovgve
os2se
DSESE
ocvery
0959¢
00202

oitic
0sgEsSE

ozcvey
0959¢
0002
000¢1
000st
00002
als]s]
000€T
000s1
60002
0000
00002
000se
0000¢€
ooooy
0000S$

el

ooseri
00552t
oos2ri
000651
005601
000.6

005601
oose2t

Oo0oo0O0O

oOo0oo0oo0oo0o

(= =)

0O000D0O0O0DO0O0D0DO0OD0DO0ODOOO

NVY3W

S3S§3NLS

8102.67852090
8152.87852090
8102.87852090
8102.8v852050
010267852050
0162.8v852050
0102,8¥852090
0102.87852030

9275906v88IL0
927$906¥881€0
92¥S906¥88ICO
92¥$9067881¢€0

92¥$906v881¢€0
92¥S956v88IED
92¥S906v881€0
92¥S906v88IED
92¥S906¥88IED
92v$906¥881¢€0

02¥S906¥881€0
02vs906v881€0

02¥S906v881E0
02rSs906v881E0
02v5906ve8ILO
95¥S306¥881€0
95¥S906v881¢0
95¥5906¥881€0
95¥5906¥881€0
95¥S906¥881€0
95¥S906¥881€0
95v5906¥881¢0
96¥S906¥881€0
0S¥5906¥881€0
0svS906v881¢€0
0SvS906¥881£0
0sv5906¥881€0
0sv5906¥881€0

13 SR 4% 1)
NOILl41¥3833

2€€
2¢t
2€€
2c€
2€E
444
2ce
414

62¢
62¢

62¢

62¢
62¢
62¢
62¢

62¢

62¢
62¢

62¢
62¢
62¢
62¢
62¢
62¢
62¢
62¢
62¢
62¢€
62¢
62¢
62¢
62¢
62¢
62¢

43y

9:002
2002
v.002

22602
1L002
02002
69002

85002
45002

95002
55002
rs$Go2
€5002
25002
1002
0s002
6v002
8r002
4v002
Sv002
s$¥002
yv002
c€vooe
2v002
1voo2

WLl

78



0002

0008s

000¢

00063 000t

0ogive
000.40%

000¢eSE?  0OOOES

Doose
0006§ 000e6
ogger
00032 ooove
[33:)
£ve s61
€24 168
e 0e
ost
0o ose
0ot
81

030¢€S
00021
00aL3
Goo2t
00082

00087
00012

060250t
000vT

a005ese

Go061

0GOE6
000613
0008s
OoovET
0008t
ooast

Doose
00G286T
oooee
00062
0002€
0o0os
ose
L8V
v6s
458
0ot
11113
oot
2%

001
000vi2
0000¢E
0oosy
[£1]9R
00001
00081
0000¢e
0000¢€2
0008
DO0SL
00058611
00058611
000987
00021
00001
00048
0oor
0oo0ee
0002
0008y
C000S
ooos
00066
oaoee
0o0st
00008v2
0ooosve
000091
oooee
0008t
000st
0008t
45§
19 4
voet
117
001
00¢
ooz

€5

(€3 J3IN34eNS WO () T3TIvsd - vive

L T PR T T U " TR " U PO TR "N TSN JON OO VU O VU VR M VI T TR U W TSN PO TR N TV TV TUR N PWRN MW MU M O N 'S

000s2 00052
000001 000001
00088 0002¢3
000013 000013
00036 000y
000028 000023
000091 o
00006 00006
0ogset 0G09S
00008 0009s
00002 09042
00008 Ccoooe
000rIt 0009S
0o0ors o
00002 00002
000031 0
0oovel 000SS
0000t 0o00TE
0000%T o
00008 00008
0oorit 00098
00008 00008
000001 00000t
00GoTE 0000ttt
00008 00aoe
00022 000801
00006 000a36
ooove oooset
000s0T 000saE
ooooet ooooet
000se 000Sss
0ooee oogee
000S2 000sL
000sS 000$9
005601 00s60%
000L6 00026
00560t 005601
ooo6vl ooosYi
el NV3IN
$3SS3Ni¢

VIVA ANOILVAH TAALS

G10$965800000 Or€
0166165808000 8€€
0106165808000 BLE
0106165808000 €€
0106165808000 €€¢
0106165808000 €€
0106168£05200 €£¢

0166168£05200 €€
01065168€05200 8€€
G106168€05200 8tE

0106168€05200 8€C
0106168205200 8€€
0106168€06200 8€€
0106165805200 8€€
0106165805200 8€E
0156165805200 8L
6106165805200 L€
0106165805200 8€E
0106165805200 B€E
0106165805200 SEE
G106165805200 8EE
0106168€08000 8¢C
0106168€68000 8¢t
0106168£0800G0 8€E

0106168€08000 €€
0106168€08000 8€€
0106168£08000 8£C
0106168£08000 8€€
0106168£08000 8EE
0106168€08000 8EC
1102.66¥02000 2€€
8102.66¥02000 2€¢
8102266702000 2£€
01022.66v02000 2£¢€
1102.69852090 2€¢
1102.8¥852090 2¢¢
1102287852090 2€¢
8102.8¥852090 2€C

€3 " re3t
NOIL41¥IS3  43¥

viioe
€i102
2rige
1324~
1194~
60102
80102

40102
90102
soto2

roioe
€0102
20102
10102
00102

26002
96002
S6002

£€6002
26002
16002

06002
68002
86002
48002
98002
seooe
v8002
€8002
28002
1800e
08002
6,002
82002
44002

WALl

79



0001
0G00E

0oove
0g0te
000se

000ve
00av?t
0008

00002
00022
ooaL 0008

000¢
0006s
0006¢€

0oast
0002t

00019

000s.1

00cet

0006S
0006€
000z
000¢€

00061
0009

0008
000¢

0001e

000YYi
0905912

000861

000y
00091¢€

00asy
000961
00008
000st
0008
000¢
ooo6Lt
00gety
0000s
0ooLt
0008
0000t
0000¥
0009¢
00088
0001€
0002
000s
000292
0008t
oo0oe

oote
00001
00022
3151 7]

0ootrve
(5.5.119 4 43
0000y
001¢
090%.L€
000002
0oove
0002
000.L€
000¥607%
0002t
00ote
0009
00009
00061
1301 29
00029
0ooet
000s
000s
00o6sY
ooogee
000ve
0001t
oors
0002t
00080t
0cosY
000.01
0ooee
001L
oooy
0002¥iL
ooose
oooe

($) J3IN3I4SNS WO (4) T3TIvd - vivd

LT T T LR S T S e " e " R M TS M T M TR U T U VU TR TR P MY M P MY M TR TV PO T TV U PR TV T TS

00003 G0009
000sL 000sL
0000¢ 0000¢
0000y 0000y
00009 00009
000s2 000sL
0002¢ 0002¢
000s€ 000s€
00008 00008
0002t 0
0000Y o
C00gs 0000S
005608 00008
000¢E 000t
00as€ 0O0SE
0000s 0000s
ogsey ooser
00s.€ 00s.€
ooste ooset
0002y 0008t
00S6S 00sse
00922 0goce
0osv6e 0asor
000s2 0o0se
0000¢ 0000¢
0009¢ 0009¢
0000s 0000s
00009 00009
0000¢ 0040¢
0000¢ 0000S
0000¢ 0000€
00c0e 0000¢
0000¥ ooooy
0000s 00009
000sL 0004
00ose 000se
0000¥ 0000Y
00009 00009
4 NV3%
$3SSINLE

VIVA ANOILVA TAALS

0105965800092
0105965800092
0105985800092
0105985800092
010§985800032
0105985800092

0105985305290
0105985805290
0105985805290
0105985852090
0105985852990
0105985852090
0105985852090
0105985852090
0105985852090

0101.08€00100
01010800100
0101+.68€060100
0105985800000
0105985800000
0105585800000
0105985800000
0105985800000
0105965800000
0105965800000
010$96S800000
0105965800000
0105965800000
0100985852100
0100985852100
0100985852100
0105985800000
0105985800000
0105985800000
0105985800000
0105965800000
0105965800000
0105965200000

13 B {2
NOI141¥D833

£€2¢
€2¢
€2¢
£2¢
€2t
€2€

SEE
SEE
SEE
=12 3
-124
| 433
rEE
L 42
ree

6£€
6£E
6E€
LE€
L5€
L5€
L5€
L8€
PR3
LE€
LE€
LE€
L€€
ore
ove
ore
ore
ore
ore
ore
ore
ore
ore

43%

esioe
1s102
osioe
6rvioe
srige
iavige

arice
srige
mwice
£€rige
erige
rige
orige
6£102
-2 981

45102
-1 47~
11947~
reioe
€eI02S
2ei0e
1e102
ocioe
62102
82ioes
2102
92102
s2ioe
r2ioe
f2i02
221ioe
Jzaioe
o2toe
61102
81102
41102
stlt102
siio2

waLl

80



oogict
00092

000sY

000y

00096

00029

oooet

00061

(S) J3IN34SNS ¥ (4) A37TIv4

00096
00091

000v81
0006€E
00078
(5.5.7] 4

000.851
0032¢

000tSE
000¢St
0o0Lt
000s
0o002ve
0ooL2
000623
000¢

0000y
000s
00011
0002

00068201
000S€l
0009¢
00orie
00008
000s1
0009
000€
000621
D0OETS
0000s
000L3
oooe
0ooz29e
00081

VAVA ANDILVA TAALS

00DOE
000€9
000$2
000
000112
00009
00002
00D6Y
000¢
000012¢
poog2
0005
00059
000$9
00143
001§
poolIE2
00001
000¥9
000¢
000121
000121
DOSS
0ooY3
ooor
D0DD00S
000000S
000s23
00052
000561
000521
D00E
0008
DOOS
00069¥
poosee
000YE
000t!
pole
0002¥22
p00s2

viva

L S T TR TR TR U TR T TR TR TR MU MU SN TR J "SUN "Ru P R R PR PR TR P PR "R R JN P PR O P R P T "W " W PR TS

0000 000OY
0000  0000Y
0000Y  0000Y
00009  000OY
0000E  0000Y
0000y  0O0OY
00003 0OOOY
00005  0ODOY
00008  DOOOY
0000  0000Y
00009  000OF
00008  0000¥
00009  0OOOY
ooy  0omL2
000¥s 000:2
00soy  0om:uZ
002y 0002
oosoy  0oo:u2
000YS ooa:2
000£S 00aL2
00009 0000y
000OY  000OY
00005  0DOOY
0000OSf  0DOOY
0000  000OY
00005  000OY
00s<t 00s 1€
00081 oco2y
00ss2  00S6S
00OSE 000
00SOY  DOSY6
000S2  000S2
CODOE  0DOOE
000SE  00OSE
0000S 0000§
00009 00009
000S2  000S2
ooooY 000OY

1w NYIH

$3SSIUS

910629006050v0 61¢
9102900605070 61¢
9102900605070 61€
9102900605070 61¢
010290060507v0 61€
016290060500 61€
0102900605070 61€
9106100605070 61€
916610060S0v0 61€
910610060S0v0 61€
910610060S0V0 61€
91061006050v0 61€

010610060S0v0 61€
910610560S0Y0 61€
91061066050vV0 61€
9106100G6050V0 61€
9106100605070 61€
91061006050Y0 61€
910610060S0V0 61€

01061006050v0 61€
910090060S0v0 61€
910090G60S0V0 61€
910090060S0%0 61€

9100950060S0Y0 61€
0100950060S0v0 61€
010095006050v0 61€
0105985800092 €2¢
0105985800092 €£2¢
0105985800092 €2¢
0105985800092 g£2¢
0106985800092 €2¢
0105965800092 £2¢
0105965800092 €£2¢
0105965800092 €2¢
0105965800092 €2¢
0105965800092 €£2€
0105965800092 €£2¢
0106965800092 €£2¢

1 3 TR 4% 1
NOIL41¥D83T  43¥

06102
68102
evIceS
49102
99102
[1-32:~4
r8ice
€8I0
28102
18102
o8102
62102

82102
22102
92102
si102
vL102
£2102
2,102

o
asto2
69102
89102

9102
99102
soto2
r9i02
£9102
29102
19102
ostoe
65102
8st02
L5102
9¢102
ss102
rsioe
€6102

WiLE

81



0S:
0sg

5

61

1S
82
SSS

ori
2€

ose
286
20¢

1944
87
173 4
82¢
Yig

ose
0a¢

os¢

2t
991
9t

124
SOt

208

621
45€
sse
| 4T
198
£6€

Sor
S1s
€y

(S$) J3IN34snS ¥ (4 d37Iv4e - ViVl

os¢
osy

Sit
€t

411
ort
99,

699

88¢
951

223 4
vSIt
962
€2
69¢
159
£6¢
86¥
868
00081
00g2e
0600S
0903
0002
0ogiez
ooY
00012
00c¢
ooz
0000%
0000€Y
0002¢
000g¢C
00002

VIVA ANDILVA TA4LS

PYA

L16
134
ave
182
ve
Oes
SSIlT
(244
2ie
oov
03§
144
185
186
ooort
00068
0o1s
0009t
000§
o0co2y
0003
ooari
ooic
000se
cogit
gooiee
00o¢v
0002
0000€

[ PO PO O T (O P T T T O o P o O P o T T T T T o T T O O O O o o o o o o To oL S

00099 00093
000se 00058
000s6 000s6
00058 00058
000SsL 000s¢
0008L 0008L
00563 00$69
00s 19 0os19
00068 00068
00566 00566
00068 0go6e
00s8L 00s8L
oosee ooscse
000201 GDOL0%
0osv6 00sv6
000L01 00001
005611 0os6tl
050401 G0OL01
0osSve 0osv6
0oose 000se
000SsL 000SL
000SS 00099
0o0se 0ogse
000s6 000s6
000se 00058
000S2 000SL
0000¢ 0000%
060502 0000¥
0ooor 0000V
0500¢ 0000y
0000y 0000y
0000¢E oooor
0000s 0000F
0000¥% elslslo} 4
00008 oooor
00002 0Co0Y
0000y 0oooY
00och slslale) 4
0oooe 0ooor
0000t cooor
0000y 0Goor
el NV
$3SS3u1S

6106267252070
1106187252070
110618¥2520v0
110618¥2520%0
110618v2520%0
810626¥25207v0
810626v2520v0
810626¥v2520v0
810618v2520v0
810618¥252070
810618¥2520v0
810618v2520v0
810626v2520¥0
816626¥2520v0
810626¥2520%0
8166:8¥2520v0
810618¥2520v0
810618¥2520v0
810618v2520V0
010626¥252070
01062692520v0
01062672520v0
010618¥252070
010618¥2520¥0
010618¥2520¥v0
016618¥2520v0
910£2006050v0
910£2006050v0
$10€2006050%0
910€200605070
910€2006050%0
010£2006050%0
010£2006050%0
010£2006060%0
9106200605070
91062006050%0
91062006050¥70
01062006050%0
01062006050%0
01062006050Y0
01062006050¥0

13 S T 1
NOI1d41%0833

2%
28
2€
12€
2€
2€
42€
2%
25
22
22€
i2€
2K
a2€
2€
i2¢
i2€
2%
i2€
42€
i2e
i2¢
2€
L2€
i2€
L2€
61¢
61¢
61¢
61¢
61
61¢
61¢
61¢
61¢
61¢
61¢
61¢
61¢
(134
61¢

43y

1€202
og202

82202
12202
92202
se202
vaaoe
£2202

12202
gzzoe
61202
81202
11202
91202
sizoe
viz2oe
€1202
21202
11202
oiz2o2
60202
80202
40202
spz202
so202
v0202
€0202
20202
10202
00202
66102
86102
46102
96102
$610e
v6102
€610e
26102
16102

W3iLl

82



€€
el
i

8st

¥s61

00t

122
o¢

133

wi
i

($) J3IN34eNS WO (4) I3TIVE - ViVl

9879

451

v.8

o013
soe
61

oot
29§
8t
o¢
SS
171

e
(414
1414

0GOo61
iv8$
$29
st

oosri
289
S0t
£4 4

0oovsy

000682
osee
Ss8t
162

oaLSY
0006€
000sE
as66
6228
$201

401
141
€22

0009t
Ty
96V
911

2£86

€€l

ost

LS T T o O P T O PO T P T T o O T T T T T T O T o O T R ¥ S T W O O 'O 'O O TO T L Y

0001¢ 00002
00s.€ 00002
00009 00002
00008 06602
060s03 oooce
oasey g
000s9 2
00006 o
00001E 0
Goooet 0
0corel 0
oose2 c0002
0ogsy 00002
0000s 00002
000¢s 00002
000G 0ooue
00006 00002
060001 00002
000S0% 00002
0008073 00002
ooosy 1]
0000s 1]
00005 0
0000s 0
0008S 1]
00008 1]
000001 0
00GCo2T 1]
000set g
00081t Goostt
0oostt 00081l
oose2 00s22
0osee 0osse
ogsey oosey
oooLy 000
0009§ 0009S
000€9 000£9
00S901 00s907%
000811 00081%
000818 00081t
000s2 000s4
4w NV
$3ss3uLs

VLIVA ANDILVA TAHLS

018$909£52020
0185909£52020
01859509€52020
0185909€£54020
0185909£52020
0186909€52020
0185909€52020
018590952020
018$309€52020
018$909€54020
0185909€52020
0186909€5.020
0185909€52020
0I85909£52020
0186509€52020
0185909€52020
0186909€52020
0186909€52020
018$909£54020
0185909€64020
0186909€62020
0186909£52020
0186909€52020
0186909€62020
0185909£52020
0185909£52020
0185909€52020
0185909€52020
0185909€52020
110618¥62£090
110618v62£090
810626¥62£090
810618¥62€090
810618¥62€090
810626v62£090
810618¥62€090
810618¥62£090
010626762€090
010618¥62£090
010618¥62£090
6106267252070

1 3 SRR 4% 1]
NOIL4I¥0830

12343
1€
134
1343
1243
1€
(32
1i€
133
1231
{344
i
i
11
1233
ite
134
[ 34
11
1333
13
1€
133
1333
133
131
1€
133
133
L2¢€
2€
i2€
i2¢€
i2€
i2€
28
i2€
i2¢€
2€
2€
28

43

21202
2202
oLeoe
63202
99202
19202
99202
$9202
9202
€320
29202
19202
09202
65202
gs202
5202
35202
ss202
ysao2
€s202
esene
15202
0s20e
sv20e
sva2o2
iveoe
9va20e
sva2oe
yvaoe
£veoe
evaoe
iveoe
ova2oe
6202
8c202
4£202
9€202
§€202
vez2o2
€cz202
2€202

walil

83



00003

0000¢Et

ooo62t

00069¢ 000S§12  oooeet
000SSE  00082¢  GOOv8Y  0OOTLT
00002  000Sit 00089 ooove
00009 0000s oooYY
0006y 0002y 000s¢
00022 ooo12
000¢E 00922 00002
000982 000018
000262  00O0S2 0002%2
oooze ooote 00062 00061
000v6 00082 000sY o000ty
000s2% 00002
€0eeE v20€ orve
618 133 S22
61¢ 282 2ve
10t 66 16
se 124 €1
000v0l 00018
8eetl 0ottt 226
962 €se
(134 Sit 1194
o9 6S 34
se se PA
ot o1 o2
€ 2
00088 $800¥
0G09¢ 009082
2259 °L1§
139 T £v8l Lt
6€S 6Ly €Ly
161 981 191
€2 St 44
12681 1ss2t
vise 8062
8¥01 926 916
€IS (3144 12y
ove cie €81
123 £6 98 £8
ol 4 '3 €
6 L4
000202 000181 0009l

(S) J3IN34SNS ¥ (JH)

3311v4 - ViVl

n.u.u.u.u.u.u.u.u.u.h.u.u.u.u.u.uu.u.u.u.uu.h.u.u.u.uu.u.n.u.uu.u.u.uu.u.u.h.

oooLY 0000y
0000s 0000y
000SS 0000y
00009 0000y
00029 00007
000s9 0000y
00001 0000y
000$T 0000y
000S€ 0000y
00022 00o0Y
06002 0000S
0000S 0000S
0000L 0009S
00006 00900
00001E 0000S
000SET 0000
0000¢ o
00008 0
000001 0
000021 0
0000Y1T 0
000091 0
000081 0
00006t 0
0000¢ 0000S
0000y 0000S
00009 0090s
00008 0000s
lalsla g 0000Ss
0000¢T 0000s
oooert 0000Ss
00009 0
00008 0
000001 0
ooooet 0
0000¥1 0
000091 0
000981 0
000061 0
000s1 00002
il NV
$3§83u18

VIVd ANOILVA THALS

0106182600070

0106182600070
0106182600070
01061826000%0
01061826000v0
0106182600070
0102182600090
0102182600070
01021826000v0
0105982600070
018$909€£520€0
018$909€520€0
018$909€520¢0
018$909€5.0€0
0185909€5.0€0
0185909£520€0
0186909€520¢€0
018S$909€S40€0
0185909€520€0
0185909€520€0
01869095200
0185909€52080
0185909€520€0
0185909€520¢€0
018$909€540€0
0185909€620€0
0185909€520¢0
0185909€520€0
D185903€5.0€0
0185909€520€0
0185909£520¢€0
0185909€540€0
0185909€520¢€0
0185909€540¢€0
0185909€5.40£0
0185909€5,0£0
0185909£640€0
0185909€520€0
0186909€6.0€0
0186909€64020

[ 3 SR 44 1
NO1L41%90830

(1743
o2¢

38

o2e

1741

o2¢
1331
11€
1243
134
i€
1€
134
1333
1333
i€
133
11
i€
1€
13313
134
134
1331
1234
1234
11¢€
1231
123
11
1ic
i
133
133
1231
1311

434

2102

11€02
21¢02
6002
so¢co2
20€02
S0¢£02
soeoe
yocoeS

20¢€02
10€02
o002
66202

16202
96202
$6202
r6202
£6202
26202
16202

68202
88202
19202
98202
$8202
re202
£8202
28202
18202
08202
6L202
8,202
L1202
9L202
2202
ve202
€202

WiLl

84



000ovoe

ooorve

00086

00029

000vLS

o0oooze

0008
0006y
0008€

0oor?t
000S1€3
000s682
000L49
000€9t
00065
000ce

009019
oooeve
00088

0000€
0009201
0002621

000v6
oooev
0oose
00gee
000tTT

000861
ooovie
oooseL
000.6
000ts
oooes
00002

VAVd ANOILVA TAALS

000YS
000se
00ose
00087
00001
000656
000voLT
000192
00011
0006S§
0002¢
0001

0000651
0009621
00091s
00ogve
00088
0009S
0G0s2
000vLl
0oosvet

0008
00029
0001y
00oge
00091t
00oTe

0002s€T

000801
000252
000L€€
000se
0002s
00028
oooeg
000018
000901

000sLY
00022
00002
00073
0006
0006.€
00o1YvE
00062
0001€T
0002S
00012
00091
00000¢
0000CE
00o0ce
00062y
0oot16t
0ooLe
13,114 4
ooove
000011
000v8
00000001
000003001
00029
0008¢
0o0gge
00091
00113
0000000t
00000001
00G0000t
00000001
0oosoe
0o0osze
00008
000y
00002
000se
oooceee
oogezt

J3IN34SNS ¥O (J4) T371v4 - ViVa

L o PO PR N TR, I T TR PR R P P 7, VU U UG TV T PO U P PV N TR TR TV TR TR TR YU T TR PO T TR

000s2 0000y
00082 0000¥
0002¢ D000y
00DgT 0000y
0000y 0000y
0000 0000Y
0002¢ 0000y
000SS 0000y
00009 0000y
000S9 0000y
00002 0O00Y
000SL 0000y
00013 0000y
000<t 0000y
000S T 0000y
00002 0000y
0o00se 0000y
0000¢ 0000Y
000S¢E 0oooY
0oost 0000y
00023 0000y
00081 0000¥
00002 0000y
000s2 0000Y
ooo2¢ 0000V
0GooY 0000y
000SY 0000Y
oooLY 0000Y
0000S 0000V
0002s 00ooY
000SS 0000Y
00009 0000¥
000S9 0000y
0000L 0000y
000§ D0O0OY
0006¢ 0oooY
000SY 0000Y

S [ NV3H

$3sS3ulS

01059806000€£0 0O2€
01059806000€0 G2€
01059906000€0 O2€
01059806000¢€0 G2€
010598060000 02€
0106180600070 O2¢
01063806000Y0 O2€
01061806000v0 O2€
01661906000Y0 O2¢
010618060000 O2¢
0106180600070 G2t
0150618660000 G2¢

01021806000Y0 O2¢
0162180600GY0 02¢€
01021806000v0 O2¢
010218060060 G2€
0102180600070 O2€
0102180600070 O2¢
010218060007Y0 O2¢
01059806000v0 G2¢
010S9806000Y0 G2€

0105980600070 G2€
010S9806000vG G2€
0105980600070 O2¢
0105980600070 02
010598056000v0 O2€
010$9806060v0 G2€

0106182606070 02¢€

01061826000v0 02€
01061826000¥0 O2¢
01061826000¥0 0O2¢
0106182600GY0 02¢
01061826000v0 O2¢
01061826000v0 02¢€
01061826000Y0 02¢
01061826000v0 02¢
0106182600070 02%

1 3 IR 4 1 1
NOIL41%0831 43

-3 44174

Lveoe
orese
sreoe

£€reoe

rece

6££02
gce02S

2££02
9feseS
seete

€Ee02S
2eeoeS
1€€02

82c02
i2€02
92¢£02

s2eoe

v2eoe
€2¢e02

22¢02

1202
0z2¢co2
61¢€02
8ifoe
41€02
91c02
sico2
vico2

.£1L02

WLl

85



000S22

00G6286 0002y

000S€

0008eL

00088t

00068

009¥%¢
00062

0000661
00006S
00082

000081
000L€1

0oosze
oooiee

000.¥

000692§
006122
00000001
00000001

00065
0000¢
0o0ote

0ooL8Y

ooosee
060202
00029

0002¢
00092

000g621
00000
000v2s
0oo1s2
0006st
0001
[s]sis?h 4
00os2
Goott

0006808

G00096
000682
000921
60098
000EY
00012
onuIvie

000¥06L

00009
000801
00000001
00000001

0002§
00582
00081
000g2cee
00099¢
00999¢
000Vt
ooorst
0006y
5s1sVR 99
0000¢
00052

000v66
000€8¢
000LSY
ooosve
000¥%S1
00002
(slals] 3
alals} -1
0006
0008
oogetrie
000PSSY

[s]sls]s} 4
0o0gee
000651
0ooee
00oose
ooove
000s8

00000007
00000001
00000001
00500001
00ove
00000001
00960001
000000061
00000001
00092
0001
00082
0001stY
0oGree
000sET
000L0%
0oasy
0oavy
00022
000ty
00000001
000000071
00090¢
000s€T
000S2
000s2
00069
0ooge
oooet
ooos
000s
0002v61
0oo68ve
000000071
0000000t
0oosse
s[s[sR 9
000TL
00ove
0008t
000t

(S) Q3IN34SNS ¥ (4) I371v4 - vivd

[ P VYO TV U PV TW PV, D VW VIS TU VI VIS PR VRO PR U U VI P " N T T VY PO VU I VU TV U VR VO TR I TR TR PR B VR )

00001 5000y
000<t 0000y
000sT o000y
0000LT 0000y
00002 0000y
000se 00GOoY
0000€ 00o0Y
000LS coooY
00009 0000y
000s9 0000
0000 0oooY
000S4 ooooY
00008 0000y
000s8 Gooor
00006 0000y
000001 Googy -
0000s GOOGY
0002s slsisln} 4
000sS 0000y
000LS 0000
060009 0000y
000Ss9 alslels} 4
0000 0ooooy
000sL 0000y
00008 o]s]ule] 4
000se slsinla} 4
00011 0ooov
0002t 0000y
000st 0ooov
0001 0000y
00002 0000%
ooose 00ooY
0000¢ [slalsle} 4
000Ss¢€ alaleln) 4
oogee 0000Y
*1v NV3H
$38S3NiS

VLIV ANODILVA TAALS

010598925000

015598¥200070
016598¥200070

010598Y2000v0

010558¥2000v0
010598¥2000v0
010$98v2050v0
0106180600050
0106180600050
G166 1806000€0
0106 18G6000S0
01061806000£0
01061866000¢0
01061806059€0
0106 1806000¢€0
01061806000€0

01061806000€0
01061806000€0
01061856000¢0
0106 180600GE0
010618060000
0106180609650
010618060000
016615060000
01G61806000¢€0
01061806000€0
01021806000€0
01021806000€0

01021806000€0
01021806000¢€0
01021806000¢€0
01021806000€0
01021806000€0
01021806000¢€0
010$95806000€0

13 I A T
NO1141%43830

o2

o2¢
o2¢

o2

{9744
oee
g2t
>4
02¢
o2¢
(>4
o2¢
02¢
o2t
oce

geg
oe¢
(524
oce
o2t
gee
02¢
oz2¢
oz¢
oz¢
o2¢
0z2¢

02¢
oz2¢
oze
oz2¢
oce
oz2¢
oz2¢

43Y

y8coe

£8c0e
28502

144124

gseoe
S52€6G2
8.c02

L1802
SL502
rL€02
c€02
2202
1.€02
osc02

89¢02
4902
93¢0
$9¢0e
y9£02
€3¢02
29¢€02
19¢02
09¢02
65€02
8s€02
¢5802

96£02
$ec02
rscoe
£sco2
26802
16802
06co02

WiLl

86



000L11
GDoSLE
00026t

000¢E

0002eT

000SsS T
0009991
000L¥ST
oogséeLt
coocy

0090694
0o0g92
000081
000092
0G0t

000vL
0GOssS

00018
0006£€
00062¢
obo2es
0000¢€

0ooL8
000818
0001911
Doo2ict
oooceet
0006€

ooosy

000cET
000001
0oo6e2
000.01

000¥9
000vS
0008S
0009

0o002ee

000set
0007vs

000¥9
00062¢
000222
000s0€
00092

0006€
000s8
000ttt
000L18
000vee
000s69
0008¢€
000sY

000961
00010t

0001$
000vs
0o0LY
00099

0001666
000€LS
000¢€01
000S1T1

000809

000LEY
0oovee
000981
0oosyl
000sL
0009¢€
00061

000862

00092

oogty

00098
0covLl
00062
00065
00gsy
0009y
00asY
o006y
00000001
00000001

0080t
00021€
0008y
00099
000242
oop22y

000.8¢€
000L52
000291
0ooset
0001
0002
00068

0000y
ooo6ve
ooazie
00022
00022
000sE
00022
000S9
00022
000029
000289
0006LS
0002¢
0003¢€
0008t
000YS
000rL
000€2%
0oorL
0006S
0009y
COotY
DO0SE
0oLy
00000008
00000001
00000001
00000001
00060¢
0O006€
00019
000569
000.8€
00600008
00000001
00092
000LET
000013
00012
0000
coost

{$) J3AN34SNS O (4) I3V - ivd

n.u.uu.u.uu.nuu.u.u.u.umu.nu.u.u.u.uu.u.u.u.u.u.u.u.u.u.u.uu.u.u.u.uu.u.

VIV ANOILVA TAALS

00009 0000y
0o0LE o000Y
0001 0000y
0o0Ls 0000Y
0o0se GOOoY
000se 0000Y
oo0ose 0000y
00009 0000
40009 0000Y
00os3 0ocoY
ooost 0000y
00051 0000y
00052 0000
ooose 0000Y
00gse 0000y
00009 0000y
D0060S 0000y
DO00S 0000y
ooa.2 0000V
o002 0000y
ooae 0000y
oogze 0000
00022 0000y
00022 G000y
0000y 0000y
ooo2Y 0000Y
oooceY 0000y
000sY 0000y
ooy 0000Y
00001 0000y
0G0t 00GoY
ogoet 0000
00oct 0000y
000st GoGoY
000t 00G0oY
000ge 0000
00ose 0000¥
0000¢ GoGOoY

el NV3IM

$3sS3MS

91061806000£0 02¢€
91021806000€0 02€
91021806000€0 02¢€
91621806000€0 02¢€
91059806000€0 02%
910$9806000¢€0 02¢
910598060000 02€
9166180600070 G2€
91061806000v0 02€
910218060000 02€
9102180600070 0O2¢
910218G6000¥0 G2€
91059806000v0 02¢
91059806000v0 0O2¢
91059806000v0 02€
9106182600070 02€
9106182600070 G2€
9106182600070 0O2€
91021826000v0 0O2¢
910218260000 0O2€
91021826000v0 02€
91059826000¥0 0O2¢
91059826000v0 02
9105982600070 02¢

010618v2000¥0 O2¢

010618¥2000¥0 02¢
010618¥2000v0 O2¢€
010618v200070 02
010618¥2000¥0 02€
010218v200070 02¢€
010218¥2000v0 D2¢

010218v2000v0 02¢
0102189200070 02
010218v200070 O2¢€
03I0218v2000%0 O2¢€
010218v200070 02¢€
010218v2000v0 02¢€
D102187200070 02€

g€ " weld
NOILdIWIS3T 43N

22vee
i2voe
o2vo2
6troS
grvoe
23702
9tvge
sivoe
vivoe
£Ivee
2ivce
13542
oIvoe
sovo2
80YGe
L0v02
s0voe
sovoe
rorge
£ovoe
covee
iovoe
oovoe
66€02

86¢£02

46€02
96¢£02
$6£02
v6€02
£6c02
26502

16£02
06£02
68802
seco2
185802
38¢02
s8c02

naLl

87



0001vT

ooovel
000ss?
oooeet
0008289

oooeet
nocsee
000s$

ooovel
slalslg 2
0o00ET
0ooset
0ooset
0009€02

00099
0o00set
000961
000y

000621

0008L€

0002st

000StT
000621
oooset
00oveEl
00092t
000¢s

00029

o008y
000s8
0009ttt
0o0EY

00062
00022
000¢3T

000 v09
00ofce
00082
000€1
0o0IcT
00032
D00se
060162
0009¢%
00021
00Gve
000tLE
0008y
00032
00031
000301
00c6Y

000 8
00056¢€
00059
0000y
00001
0002
00026
000€6
OOOETT
0ooset
006021
0009y
0009¥v01
0003¥¥01

0008¢
060022
06096
0009¢

00082
00061
00021
0006012
0006012
000vsS1t
00062
00051
oogiet
000sS
00022
00050602
000rY
000
0002999
000s2
000ve
00062
00003
000069
00089
000Lv901
000.v901
D00SS86
0oore
00022
00021
000
00089
06019
000801
0000t
000st1
0oos¢e
00o0g€20t
0000€201
000000st
000000S T
00019
ooote
oooos

($) QG3IN3dSNS MO (4 33TV - vivd

uu.u.u.nunu.u.u.u.n.n.u.u.u.u.u.u.nuuuuuuuuuuuuuuuuuﬁuuu

VLIVd ANOILVA TAALS

000S¥ 000SS
0sL1s 0s2£9
00595 00S 32
005 1€ 005 9%
0009E 0ooYY
00S6¥ 00509
000YS 00099
00SOY 00S6Y
00OOSY 000sS
0059 00512
poS 1€ 00s8s
0009¢ 000YY
000YS 00099
0009€ 0GoYY
00SOY 00S6¥
00GSY 000SS
000rS 600399
000€9 0c0L
00S 1€ 0oS8s
0009¢€ oooYY
0009E ooory
00SoY oosey
ooasy 000SS
000YS 00099
00089 00022
00592 00S€6
0002¥ 0000y
0002y 0000Y
000L% 0G00Y
000LE 0000y
000L% 0000Y
00002 0GOOY
00002 00007
00002 0000Y
000S2L 00007
000S2 0000Y
00009 0000Y

17V NY3H

$33S3M1S

010598580¢€vS0 €3¢
010598S80€YS0 €I€
010598580¢vS0 €I€

010$9658DEY30 £3€
01059658GEY90 €I€
010$96580EYS0 €£I€
010596580€Y90 €I€
010598580€Y90 €I€
010598580€Y90 €I€
010598$8GEYS0 £I€
0105965825€90 €1I€
0105965825€50 €I€
0105965825€30 €I€
0105985825€90 €I€
010598$825€90 £1I€
010598$825€90 €IE
0105935825690 €IE
0105985825690 €I€
0105965825€S0 €I€
01059658.5€S0 €1I€

0105985825690 €I€
010$98$8.5€90 €1I€
010598$8.5€90 €I€
0105985825€90 €I€
01059858.5€90 €I€
0105985825€90 €1I€
910618v2000v0 02¢
910618v2000¥0 02¢
910218¥2000v0 02¢
910218v2000v0 G2¢
910218¥2000v0 02¢
910598¥2000y0 02¢

910698v2000v0 D2¢%

910598¥200070 02€
91061806000€0 0O2¢
91061806000£0 02¢
91061806000€0 02t

€3 °°° et
NOIld1¥0833 43

6sroe
ssvoe
i5v0e

ssroe
sSvoeS

IsrGe

sevoe

erge
osvoe
62rGe
ezrge

i2v02
92rge
s2r02

v2roe
£2v02

wiLl

838



000000S§1 0GOEve

000998

0000¢

000€2
0002y
0oo2e
oogte
000SSOTe

00062

06062
ooo2y

($) 33IN343nS WO () J3TIve - vl

12

€St

114

000%9
0002y
0000y
0oaLt
0001€T
0002¢
000¥L

000S

0009202
000sS

171 v21

S ost

662 122

65 2y

12 61

12 €2

s61 291

901 0ot

2re 2ry

1} s02

611 133

»2 6¢

L8 22

2611 260
00029001

000263 000290071

000000S 0002008

0O00D0S 00025003

00008 00O¥9

DOOES 00082

00061 00012

0008 DODOVYS

00080E 00061

0006292 00061

00081  00O¥2

ooor 0000Y

0006%  000S

0009021 000265
0009410%

000¥S.  00DD9L10%
pO0OY 196

p000L2S  00OY196

00082SE  00090%T

000€1 00061

pO0SE  0ODS2

000¥S 000913

DOOSOE 00022

pOD2€ 0006

00011 000St

000989 00D1S2

000297 000862

(PO T YOS PR T T TR TN PO TR N VO ", TN PR PO T TR P PO T PO TR PO PR i PR I PO TR PR PR TR TR TR TR PR TR P

006021 58,9573
0000t 0ooaLt
005s2t 0ooset
000sST 000sSt
00caLt 000021
0000L GOo0LE
0000LT GoooLt
00002t 000021
000s2t oooset
000ss ¥ 000sSt
000sSt 00osStT
GOGOoLT 00001
00001 0oo0Lt
000set ooGset
001sE coe2y
0009¢ ocory
0gsoy oosey
000sY 000sS
0os6Y GOs0S
00soy 0oos6Y
000SY 000SS
0os6y 00s09
0oovs GDo9s
00s8s 1119 9%
000¢9 00622
0osov ooser
os.2y 0s22s
000sY 000SS
000vs 00099
SLELS s210L
000€9 00022
817414 0S29Y
000SY 000SS
0sL1s 0s2¢€9
0068S 00STL
os2e2 17514
0osie 00sst
‘A NV
$3ss3us

VIVd ANDILVA TAHLS

071£5985851€90
01€5985851€30
036596585 1€90
010596585 1€90
010596585190
01£59658S1£90
0105998585 1€90
01€5985851€90
010596585 1€S0
010696585 1£S0
01€59658S1£S0
01059658S1£S0
01€59658S1€S0
010598585 1€90

0105963 ¥000Y0

0105961¥000v0
010596 1¥00OY0
0105961¥000Y0
010596 1¥000v0
01059617000S0
0105961¥000S0
0105961¥000S0
0105961¥000S0
0106961¥000S0
0105961¥000S0
010S961I¥0EYSO

0105961v0EYSO

0105963Y0€¥S0O
0105961702950
0105961YCEPSO
01059561¥0EYSO
010596580730
010596590E790
010596580790
0310596580€¥90
010598580£7S0
010698680€YS0

€ " w2l
NOIL41¥0837

£ic
€€
£I1€
£Ic
€I
€€
1443
€3I€
€I€
€Ii€
1423
€I€
£1i€
£Ic

€1

1443
1434
{24
c€ic
€I€
1443
€lc
3443
143+
€1
£1€

1349

€I
€1c
141+
1 234
123+
€I
€ic
i
i€
£ic

43y

96v02
s6voe
rérae
c6voS

16702
o6vo2
68v0S

i18v02
9sroe
ssroe

8vGe

62v02
sLv02
voR
9v02
savoe
rivoe

22702
Tevoe

ouvoe

69702

49v02
99702
s9voe
r9voe
€9vo2
29v02
i9v02
o9v02

Will

89



ov6

0D 81S GOO2vE2 0OOYSe
oogeee
00GIIT 00016
VR34 4
00031 000st
(43 gezs
210§ 0002
147 S99 259
ocy ote
000v06L 1
0oogte
2L61
682
Se
0000sL1
2L118
962¢
ivol
8se
000Le81y 000V99l
09458
099
1222 602t
269
902
16
00v6Ss
000€9t
00sege
00002
¥8
oovee 0oLt
oogse
006L
00t
S¢
1
€S
202
2re St
134

000852
000231
0008$
065.¢€
00071
04S¢
8621
00s
a2
00G18101%
000391
2erl
6v2
173
0002671
c6eL
6222
809
6.1
00091S1
1341 7}
799¢
S28
479
i61

49
0002
0o662
oogee
criet
€7
90841
9£9¢
881
geve
9¢

9

LE

8ie
S0g
L81

{8) J3IN34SNS ¥ (J) I3TIvd - vivd

L L e T T O T T P VU P P U P VU TU T TR TV U PYR P TV PO TUY TV PO TU PO U PO PO PO PO T

0000¢ 0
000SE 0
0000y 1]
0000y 5]
0000 1]
00005 0
00009 1]
0000 1]
00008 ]
000€2 a
0000¢ 0
00009 0
00008 ]
000001 0
00602 1]
0600y o
0000s 1]
00009 1]
000608 0
0000y L]
00009 1]
000G i}
00008 1]
000001 o
000021 0
0000YY 0
000s$ 0
00GoY GoooY
0oosY 000sY
0000s 0000S
GOG0S T 000061
G0000s 0000S
G000 s}
G00003 0
0000 00002
0000LF 0000218
000041 650041
0000¢Y GoG0LT
00osst 000sS1T
000sst 000SSt
00001 000041
el NY3IN
S3sS3uis

VIVd ANDILVH TATLS

0125952652090
017s9526520v0
GI7s3026520v0
0175302652070
0Ir$5026520v0
0175302652070
01v$90265207v0
01v$302652070
5I7$95265207v0
GIvs9816.£0v0
GI9538162€0%0
GIPSS8I6LE0YO
017$9816.€090D
GIvs98162€0v0
OIYS9816L €670
017598162070
OIrsS816L£0¥0
OIvVSS8I6LETY0
OIYSS8162€0Y0
GIr038162€0v0
SIroS8i6L £OY0
OI¥098162£0v0
OIvC98162E0Y0
OI7y038162€0vD
OI7r098162£070
OIYD98162€0v0
81rs980rieese
9I»s98Oricese
91¥ss8ariz2ese
9irsoBOriZaese
9IrsS8ovicase
9Irs98Gyi2aese
GirvsosOriaese
Oivs9siGrizase
Girsosoricese
010596586 1€90
01€5965851€90
0I£6965851€30
5610598585 1€90
OIES985851E90
010$985853¢€90

€F °°°  ve2t
NOTL41%0830

o
oi¢
oig
oig
gis
Gic
gic
oig
ol¢

80¢

38

e0¢

80¢
80¢
S0¢

80¢
80¢
80¢
80¢E
80¢
80¢
so¢
so¢
19513
So¢
so¢
19514
s0¢
so¢
so¢
19 44
1 44
19 34
€i¢
1934
g£ic

43¥

28502
9¢€s02S

resoe
£esGe
cesteS
1£802
oesoeS
82502

22502
92502
s2502
y2502
£2s02
22502
12502
02502
61502
81602
41602
2444
$is02S
risoe
€is02
21502
11502
o1s02
60502
80502
40502
90502
$€050e
¥0502
€0s02
205802
10502
00502
66702
86902
16902

LB 8

()U



oove

000209
0002¢

11:73

419

oorve

Sig

0089
0081
sve
122
000t8
0000¢

0001t
1194
0o0st
0e9
L£€
000rt
000S
00se
006

0909192
000012
00629

000s¢

oose
00tl
09§
ose

0000201

00092
000ct
006y -
0091

00t

OonL2LE
000v7e
0o0se
2714 4
00st
a3
062
00029
00092
00302
0001t
ovee
oeet
(172
133
000vi
ooty
0002
ozr
1se
o0o2cLY
000v6
000SS
000£0t
0001E
0001t
09€L
oose
ool
09§
ore

00000001
00000001
00000208
000G0L0%
0000t
11,9 4
0021

009

sse
00000001
0095006T
000vs
000¢2
ooLE
oot
2t

ert
00009
ooore
aL108
0006
0162
1994

osr

90¢
Goo2E
006€
0551

o6t

8ee
000t6EY
00058
000SSs
0006¥
00022
0000%
0L1s
ogz2i
0001

Lv5

o8l

($) J3IN34SNS W () J3TIvs - VAVD

VIV ANDILVAH THALS

LT P T P T O O O T T O Mo TS " O " O VO RS TSI TR PO RN TS TR U TOR T TS PR PO I "W TR PO PR "o TOR B PO

00aLs

0oaze

0009

000L9

000y 000.9
000tS 000L9
000ES 060049
ogsi2 oosee
oosve oosee
0os92 00SEE
060s92 00SEE -
0GS9E 0OsEE
0os 1y 00sEt
00StY 00S€E
00s9Y 0CSEE
00S9¢& 00SEE
00598 00sEE
00§92 00s€€
L NV

$38S3uiS

00sEE

DOsES
00sEC
00sEE
00SEE

11 |

91¥$902652070 OIC

9175902652070 OIE
91¥$9026520v0 OIE
9175902652070 OI€
91I¥$5026520v0 O1€
91¥$9026520v0 OIE
91¥5902652070 OI€

91¥590626526v0 OIE
91¥59026520%0 DIE
91¥59026520v0 OIS
91¥59026525v0 OIE
91¥59026520v0 OIE
91¥59026526Y0 OIE
9175902652070 0OI€
01¥59026520v0 OIS
017590265200 OIE
017590265200 OIE
015902652070 O1E
01¥59026520v0 OIS
01¥$9026520v0 O1€
01¥$9026520¥0 OIE
01¥5902652070 OIE
S1v5902652070 OI€
91¥S902652070 O1€
91959026520v0 OIE
91¥59026520v0 OIE
91¥$9026520¥D OIS
019590265200 OIE
01¥S9U26520¥0 OIS
DIPS2026520¥0 OIE
01¥$902652070 OIE
DI¥S9026520%0 O1€
01¥5902652070 O1€
0175902652090 OI¢
D17S9026520¥0 01
0175902652070 O3
D1Y59026520%0 01§
01759026520v0 O1¢

[ S 2R < 4
NOILJ4INO83T  43¥

$L502

riso2
€2502
24502
1502
GLs02
69502

89502
49502
99502
$9sG2
rosoe
£9502
29502
19502
09502
65502
8ss02S
25502
95502
$sso2
resoe
£eso2
2ss02
15502
osso2
6vs02
8rsoe
4vs02
9¥s02
svsoe
144174
€rvsoe
ersoe
irs02
orso2
658502
8cs02

L 19

91



oooce
0003
ooori 00029 000301

0001¢ 00066 000211

0008t
0009¢e  000£101
000s€ 0006y
0008
0002 0002
000¥9 1
00092 000301
0008 00ovi
000¢€
0009¢Lt
0002

000.9%% 000082
ocoort 00091
0002 000¢
000262  000¥S9
0001S
0008 0001t
000Ss 000s
0oo¢
00ore
0000t
0008
0009t
000s 0006
ooote 000¢6
00007
000s$
00¥6s
00661
00s6¢
ocoree

00044
0011
000889¢
0oote
o012
00005L
00008
0ote
0006876
00068¥6
000262%
000s9
000s%
000¢
000s61
0002¢1
0001
000Y
0009291
000¢
000v20¢€
000vL0€
ooaLt
000¢€
ooos2e
0ooosyi
000st
000s
0009
ootre
0coe
000
000st
0009
00o8se
000L
ooocy
000L€
000€91
gogce
0oLct

(S) Q3IN34SNS ¥ (4) T37TIvs - vivd

[ TSI T T TR T S TR T TN "I T O " IO T TR TR TR TS TR 'S N T TR US TAS T FU P MR PR TW TV N TN PR P P TR M PR TS

0029
00s6st
00919
000re
0000Y?
00800%
oo6s2t
00565t

0092y
00sS19
0oors
000001
000073
000s6
008001
o068zt
00s6ST
oos2L
0000Y1

o082
000801
00ove
00086
000211
oosvel
00S6St
0006s T
0029
oootiot
008s€l
oosvet
oovee
oo96s
008sET
00229
000sS
0000Y
ooosY
0000§

el

QQOQOQDQQQ% 0O0O0O0O0ODO0O00O
w

OOSQQQOOOOOQO

o
o
2
"

0009§
0009§
0

0000Y
0oosY
0000¢

NV3M

$3sS3uls

VLvVa AN9ILVA THHLS

OIPS988EYsSeESS 90%
OIrs988E»5ES2 90€
OIPS969EPSEST SO€
OIPS968EYSEST 90¢F
OIrsS968EYsSEst 90%
OIPS968ErSEST 9O€
OIPS969EYSEST 90C
OIYS368EvSEST 90€

OI¥S988EYSESZ 90€
OIYS968EYSESS 90€
DIYS9I68EYSESS 90€
OIYS968EYPSESZ 90
OIYS968EYSESS 90F
D17S968EYSESZ 906
O1¥S968EYSESS 90€
DIYS968EYSESZ 90E
OIvS968EVSESS 90€
01¥S988EYSES2 90€
OIvS98sEYSEsZ 90¢

OIvS988EVSEST 90€
OT¥sS988EYSEST 90€
OIPS988EVSEST SOE
OIvSS88EPSEST 90€
OTIPS98EEYSEST S0€
OIrs988EvsSeEst 90€
OIrS988eySESt S0€
0I¥S988EYSESS 90€
OIvsS988eYsese 90€
01vS988EYSESS 90€
0I¥S988EYSESS 90¢
OIvs9B8EYSESS 90€
oIrs988tLyYsese S0¢
DIrs988eYsSese 90€
OIvs989cYsSeEsSe 90¢€
OIvS988EYSESS 90€
9Tvs980v12250 L0€
9175980912250 L0€
91vs980viees0 L0¢€
91rs980v12250 L0€

€T °°° et
NOIid4 140833 43y

risce
€902
21902
11962
1] 1=

80302
40902

$0902

20902

00902
66502
86502
46502
96502

$6502
6502
€6502
26502
16502
06s02
68502
88502
18502
98502
$8s02
reso2S
£8s02
28502
18502
08502
6,502
84502
L2502
94602

LY 19

92



0000st

000s2

000s80T

00022

0006

ooosg2

0000s

000£8S

ooozzt

00062

00080¢€
000€S
000vEL
0001SL
o002t
9€L
09ttt
vist

1s2
1313

€98

0001v8

00019

0006L€

00ovie

oo0gee
00S
0061
12
eyl
€6€T
ere
616

8161

€891

000G000T 0000000 0008823

000v26

00002

0000vY

000vol

000sY
00st
oost
we
9601
1749
169
oré

61s1
9¢€8
2t

0001¥2

00009

1 000¥96S

000.0¢€

000st
osre
oozt
8.9
¥201
S451
92L
9611

2161
658
1661
0002
0002
0005262
ooozt
0009891
000s€
0006€
00L€1
ootett
oovs
0ootE
000vS
0oosY
0008.2€
ooote
00002
oooce
ooose
0002

0008cY
00ceryi
0008¢
00C9s
00000001
0G0G000T
000963
000L¥9
DooLE
0008y
0SSt
(11294

134

ShL
o2ri
1001
998
0002
0002
2211
2021
0002
0002
000S¥0¢
D00sEE
00oEs02
000.011
oooteee
ooLtt
00v66
000¢€
ooove
0006y
ooote
oooove
00061
000€?
ooooYe
000€6
ooote

($) J3IN34SnS ¥ () I3TIv4 - VAVD

VLV ANOILVA THALS

Lo T T TR TR TR TR T TR TR OO T PR Y P PR PR I P PSR U R AR P PR PR Y T PR W T PV R PV I PR MR N PR

06252 0160¢€
SOLEE 13434
08s0s 02819
12972 ¥S10¢
$682¢€ So20Y
2reey 80£09
0G5o¥9 00OOY9
00S9S 05596
00016 G016
oosie 00518
00022 G002y
oosve cosSYe
00SS2 00SSL
00599 00599
00STL 00STL
0009 000¥9
0059S 00S9S
0006 0DO09E
0ooL2 oooz2
000s2 1]
poze2 0000Y
0oos2 0000Y
000S¢€ D0000T
00002 0000Y
000SY 0
0000¢ 0000§
05292 osLEY
s2182 SL897
oosez2 00S4€
0s292 117844
0000€ 0000§
posze 00s.€
0§292 osLEY
0000€ 0000§
S 1 NY3H
$3ss3uis

0306109€521€0
GI06109£521€0
OI06109€521€0
0136109€S21€0
G1566109€521€0

G106109€S21€0
1106196v020¢€2
1106186¥020€2
8156186v020¢e2
2106186¥020¢€2
9106186¥020¢€2
8106186v020¢€2
8106186v020¢2

8106186¥020€2
0106186¥020€2
0106186v020¢€2

GIo6186v020€2
9105902 ¥00000
9105950L¥00000
010S904v00000
91¥$9806000v0
9195980600070
01959606050v0
0105960605070
0185909€52020
010S96¥69¢€0v0
010598763070
C10S987695£07Y0
0I7$96260Y0Y0
019596260v0v0
0195962607070
01¥59826070v0
0175982607070
0175992607070

€1 °°° 28
NO1Ld1¥O833

134
e
13 43
e
e

e
82:
s2¢
s2¢
s2¢

82¢
82¢

82¢
82¢
82¢

82¢
2ic
2ie
2cie
-2
8IE
ezt
a2zt
sec
1€
18
418
1€
1€
L1
L1
L1
L8

43y

8rsge

47902

9rsge

€€902

2e902
1e902
og£s02
62902
82902
42902
92902
$2902
vas02
€2902
22902
12902
02s%02
61902
s1902
41902
91902
s1902

w3Ll

g3



0002
151615 T
650ve
00012

65291
OocEr
60621
06052t
GO9TE
[£.55) 99
00501
GOoo1
0086
0026
60066
o508

o002

00096

000ce

00092y

00096

0006£¢€

00GEse

oooge

6o0Le
65032
6o0ve
GGoo2

GO0t
goect
[s1s) 24
600621
00S11
00011
00s01
GOO5Y
0096
Go16
G006
sls])
6o
00s¢

0000¢ T

000ce

00062

0000s

000L.€

Gooogt

000966

ooovee

000EE

000:2
00092
090¥c
06002

8]0} % &
000¢t
0ogei
GG02T
sis] 3 31
00011
065507
GGO01
0096
0006
oose
0008
0002
00sS

00069

0009¥

0002t

000€S

06000005 T

000S9¢€

00069

0002s¢e

[s1s10] 2 9

00Gsr
00Gesve

000.2
Ggoose
0o0G2¢e
ooost

00ovi
000gs
ooeel
G002t
ooett
sale]) 94
G0g0T
000071
00s€
0006
0G0ss
0008
0083
00€s

[slalorr/

00029

00022

00019

00000001

ooosgze

oooee

00016s

0000s

00049
000s¥9S

0oos2
000s2
ooo1e
0006t

00ovs
DO0gET
poizt
00021
ooctit
0oeal
06207
Go00%
0056
0006
ootle
00S4

0G2s

000s¥

00062

000s¥

0002

00032
0gose
06012
sialelne

ooeEd
030¢T
000ct
o081l
00017
00807
00601

0oo8
00S2
0o0ge
000s
000961
00028
00068
000§ 1T

00008

0008€201 0OOvSSY

00080¢€

000sYy

0001601

0001€L

00062

slala) 43°1 4

000s¢s

0o0oee

000659

00064

00068

000%¢
00682
0001
00081
0004t
00SET
0os2t
00c2t
81170 24
000%t
000t

oosvee
00021
0000¢
0000¢
000Gs
ooaLe
ooosr
0008¢
0009S
00049361
00049951
ooozet
ooos2y
oooe:
0000%
000ESSTI
000€s9T?
ooogce
ooges
0oo0s
0000§

0000GOGT 0000000t 000eL82%

($) J3AN34SNS ¥ (4) T3TIvS - vive

L T T T TV N TN O PO P TN T PO T P T T T PR S P P TR U T T T PN T T T T T e T e T O T

2oiet c
14 4 1]
00062 1]
28€0S 8.518
61,05 16618
4 443 4 8GE09
8505 s2eIe
16182 6820¢€
88SEE 2SGIv
28€0S 8519
osgse 02o01€
191:13 22€1r
61205 16619
*Lv NV
$3SS3NLE

VIVd ANDILVA THALS

015638SE80L10

OI5698SE80CI0
SIYs908rSL€£0

0106¥035£S21€0

0106¥03¢£S21E0

0156109€521¢0

0106109€521€0

0106¥09€S21E0

0106¥03€521€0

0106v09£521E0

0106v09€521€0

0106¥09¢€521£0

0106¥09€S$21€0

13 SR 4 1
L228TRE BLy

1244

sic
10€

ire

134

134

re

re

13 4

134

1144

e

1344

43%

199062

65902

85902

25902

95902

§5902

rss02

£5902

25902

15902

0$902

6v3802

LF78

94



000STLT
0001s01
000S06
00COv8
0D0v6L
000632
G0oove
000689
000L%9
000viS
00069S
000EES
0ooceY
0009y
00066€

oooveze
000061
0009L1
000.ST
00061
0002yl
000.€3
00082t
oogovet
0oo121
000218
000601
000201
0008

000€sS
000sy
0000
0008t
000%¢
000s€
ooore
000l
0000¢
ooose2

0000291
000226
000006
0GovEe
000062
000692
06022
000589
00G2¥9
000019
000v9s
000E2S
0Go2sy
coocesY
000L6€

000602
0OG68T
0ooorLl
000951
ooouvi
0s01v1
000S¢€1
oooz2t
000g2t
00012t
0050918
000801
000201
00098

000€S
ooosY
0000¥
0G08¢
0009¢€
00DS €
000v¢
0O01€
0D00€
00082

COOESET
000196
ocaves
0600528
00082
000294
000812
000629
0000vS
000109
00029¢
0G081S
00028y
0006V
0G088¢

0000602
000281
0oo1LE
000961
00071
000071
0001€l
000221
ocoeet
Go0611
000sTe
600901
000201
000v8

000€S
0oo2Y
0006
0008¢
slalel-]4
000vE
00o0ge
0001€
oooee
oooe2

000L¥€T 00G9SSY 0000L3F 000960 4
000vP¥6 0008£6 0O0¥26 000606 4
000s8e  GOOIS8  0OO2.8  0008Ye 3
0COS18 000208 000262 000962 4
000S22 000€22 00C22: 009122 3
00099, 000SSZ  0OOvPSL 00092 4
00OYI. 000602 0008G:  0000OL 4
000299 000659 000¥SS9  0001S9 4
0003€9 000GE9 000929 000129 3
000€6S 000E6S  0J016S  OOTTLS 4
00019 00009  0OJ02SS  0OOvYS 3
00021S 000F1S  OOOL6Y  0OO96Y 3
00024 00069y  0OOLSY 00029V 4
0006EY  0008EyY  0O0OEY  OOOLeY 4
0002S€ 0002¢E  0002€€  00022¢ 4 €vse 0 010698SE80C10 SIE  €9902
oooree 3
000002 00086% 00086%  DGOE6T 4
000181  00GCIST 03018t  0OO0.LR 4
00099% 00099% 00029  00OLst E ]
0COPST  00OPST  0002ST  0OOIST 4
00oGL¥Y 000S¥YT 00OSYT  DOOEYE 4
0000¥T  0000¥T  0OOD6ET  0ODO8ET 4
00OIE€T  00062% G0OOS2T  00082E 4
000.2% 00092F 000s2?  000set 4
000€21 000€2%  000¢€21 000228 3
000617 GOO6TT 000811 DOALIE 4
000GIT  0OOTIT  00OTEE 000601 3
00090%  000SOF  0O0O¥Ol 000201 3
00000F  000L6 00016 00088 3
00028 00008 0008L 00024 4 89021 0 010698SE80E10 SIE 29902
00009 4
0000S 0006¥v e]els72 4 0002y 3
000ty 0000y 0000y 0000y K|
00o6¢€ 0006€ 0006€ 0006¢€ 4
0008€ GooLE 000L€ 000L€ E]
0009¢€ 0009¢€ 000s€ 000S€ 4
0ooveE 0oove 0007€ 000ve 4
oooge 0oo2¢ 0o0o0z2¢ 0001€ 4
0000€ 0000€ 0000 0000¢ 4
00062 00062 ooose 00082 4
ocose ooos2 0002 000:2 4
el NY3H 3 SR 4t 1
(S) G3IN34SNS ¥ (4) 3371v4 - vl $3sS3uls NOILJINIS3T  43¥ W3Ll

ViVA ANDILVA THALS

95



000¢6

000681

600802

000¢s

000292

oogeee

0oo6£l

00029

0009S

0oo2¢t

DO0SS T

oogeet

000S9S
000602

0009.€

0006 1Y

000set

00o0v8L2

0001s
000061
cooise
0009.1
06019
0002y
0oose
00089
000s8t
0000L7
000221
000L€T

000801%

0000€s
000091

0009se

000v0o3

00c¢eet

oooeice

0001s
00098
000211
00066
00022
0oose
0008ge
000sy
000vLT
000691
00026
0000¢T

00010t

ooovey
0608st

0009s2
00052
000201
ooozet

0000¢€te
0o0gesse

0009L
0oorit
coouct
0008
00022¢
000682
ooazet
0006Ss
0008y
0001s1
00068
coote
00001
0C0L6

00grsY
000921

0002€2
0001s2
000001
000sse
00036

00090062

Goo8s
0008%
000001
CoaL Y
oooere
0009s¢E
ooy
ooy
00o1LE
000602
00099
ooy
000sst
00022
009y
ooy
0000y
GO0611
0oosrYe
00098
00098¢
00029
000291
00098
000¥6L
o002
000601

0000s 1
000222
00098
ooo26t
00006

000ss8t

0005v0¥2 0OOOVSGE

oaL1¢
oocie
000s¢
000¢ce
0003Y
00089
0ooret
0gocve
000gee
0009
ooosze
0008y
000.01
ooocey
00082
00058
00012
0o0LTT
000¢8
0oovyi
000
00016
ooo2ri
oooce
0002se
00029
000¥9 1
000s8
00002
000s92
00006
000s2s
0GOIET
0ooote
00008
000241
0oors

00029€€L
0001818
000v602

oosie
0oss8e
00022
0009
000sS
0008y
000¢61
000¢€91
00019
00079
00026
00008
000102
000¢sSE
00098
00aLS
00086
00G£92
000s2
000101
00009
0002y
000L€1
00062
0008st
00009
ooorel
0oote
000ve9
oogrie
0G0se
0corLy
00006
000rS?Y
00064
000291
0009s
0002eeLe
0oaz8Ly
0p02EELE
0ooEi6e

(§) J3IN34SNS O () T37Iv4 - vivd

0oSLY 00GOo1T
0000 00001
00005 0
0000 0000€
orac oessy
0s€ory 17443 4
oscor [1>443 4
orae 0z2ssy
oreee o2ssy
oscor 443 4
os€oY 14423 4
oraLe o2ssy
oraLs 1744 4
ogrv2e 00S6%
oovete 0096¢
oovee 0036¢
ooves 00s6¢
ooves 00s6¢
ogvee 0036¢
agovee 0096¢
<09 0
4V NV
$3ss3uis

VIVd ANOILVA TA4LS

O1I7$909£52020
017$909¢€52520
GIr$90639£€545620
G1IvsS09€£54620
GI56981Y6EYY0
0156381732970
0106581792990
G106981Y6EYY0
0106581v6EYYD
0106981Iv32970
0IG6981v32970
010698176EYYD
0106981Y6EYYg
0106988€00420

0106988¢050520

0106988¢03520

0106988¢€G0020

0106988£00020

0106988800520

010698809520

0106985€80C10

€T °°° w2t
NOILdINI$3T

vic

rig

rig

14

243

123

=143

9i¢

SiE

91I¢

14

243

92t

92¢

- T4 3

92¢

92e

92¢

si¢

42y

£8902

18932

S29Ge

v21962

2962

o902

29302

99902

$9902

9902

Will

96



r681
14172

8re

vt 6¢cl
147 24 2£21
102 29§
o019 osy

000898

61§

000vSl

00,682
sisl$-14
00sse

oooier

2¢eel
6091
€9
444
000£692
ootic
ooor
oott
000€2811
00019¢
000s
0002991
0008
ooaste
0008y
00021
ri0€
o161
SLE1
2s
000%29
00GLLt
00086
000vS
000se
20251
09921
€926
€092
ooosee
00si8l
(1] 4 43
0006

00L£€€
coote
oosLe
00s8e
o0oose
0091011
oooosee

ocre
el
€25
144
000821
0001¢
000¢
0003
000L0€8
res-l g
000Y
0000YS$
000
000031
0000y
00011
svee
6891
8re
9€
0oovey
02012t
0o0re
0000S
0008t
96SET
1596
1609
28
ooo6YY
000202
oogeee
oo92t
0016t
ooteLt
000t€
00092
0009¢
oosve
000006
ooosse

($) J3AIN34SNS ¥ (4) I3TIvd - vivd

VAVA dNOILVA TAALS

[T TR T TR TR T PR YN PO TR P P PR PV M AR U U P P P PR P P R M U PO U MO TR PR T T PR e o A L

000tc® 00058
000¢e 00GE®
000.9 00aL9
000L9 ooGLs
oosic 0059t
0009€ oGOy
0009 ooscLL
00018 00566
0009¢ ooy
o0ors 00099
00018 0oo66
000€9 (1507 ]
00006 CooG1E
00051 55294
00002 0oan2
00052 ooos2
0000¢ 00OGE
0gsee oosee
000s¢€ OOosS e
oos iy oSty
00002 ooon2
cose2 o522
00052 ooose
0o0sL2 o052
0000¢ 155 1,3
000s€ ras .34
DosS.Le 0oSLE
0000y 000y
ooszy oosey
00002 00052
000st 00552
0oset ooG51
0000y 05001
0ose2 0005¢
ooosY 0050%
0000S 0050%
000sY 0550¢
0000§ 50552
00ss2 05501
00oot€ 03501
1y NV
$3ss3us

8156268621080 L2€
81061896210€0 22¢
G1562696210€0 L2¢
01G61896210€0 L2€
01555066£82y0 60%
01553066€82v0 60%
01559566€82v0 60¢
G1O53566€82v0 60€
01659566£8270 60¢€
01553566£82v0 60%
01559566£82¥0 60€
01059566€82v0 60¢
G1059566€82Y0 60¢
0155958679010 v2¢
0195959679010 ¥2¢€
G155958679010 v2E
G1059586v9010 ¥2¢€
5165958679010 v2¢
G1559086¥9010 ¥2¢
0155958679010 ¥2¢€
GIG5958673010 v2E
0105958679010 ¥2¢€
0105958679010 v2¢
G10595867Y9010 v2¢E
0105358679010 v2¢€
61559586¥3010 vt
0156968679010 v2E
0105908679010 v2¢
G155958679010 v2E
GI¥S909€52020 viE
GI¥s909€52020 viE
GI7$305£52020 ¥viE
017S909€52020 vig

OI¥S909€52020 ¥i¢
0I9$903€52020 vig
01¥S$909€5.4020 ¥i€
0190909€54020 ¥it
0195909€52020 vig
017$909€62020 Pit
0195909€64020 viE

1 3 S 4%
NOI141%0831 43y

vaio2

12202
o2.02
61,02
81,02
%02
StL02
[ 91: =4
j 4914
€102
2tL02
11202
ot02
60202
80202
140202
90.02
s0L02
roL02
€602
20L02
10202
00202
66902
86302
26902
96902
$6902
¥6902
€6902
263902

16902
06902
68902
88902
19902
98902
8902

w3ll

97



o0o2
0se
00¢$

002
€92
Sy
10t
vl
1249

Sec
299
8ve
ost
vse
€02
112

1501
861
659
1477
oLy
12¢
¥99
0s61
622
88¢
osy
10¢€
1434
ove
86y
1234
908
9921
282
ost
0L6
$8S

oSt
ose
ooy

02s
9L

122
457
13- 4
2ic
829
st
11
281
124

1214
296
Sie

4121
€85
962
8624
Srit
992
1244
492
org
67S
£ee
60Y
2ov
£6¥
13334
ose
ooe
$69
61§

($) J3IN34SNS ¥ (4) I3Iv4 - vivd

ost
0o¢
osy
ose
161
ese
0ss
92
122
2y
98
oge
2001

2t
1€
919
282
22§
4186
i8¢
€19
656
S8y
262
€02
2io2
vee
10¢
LS
192
S0S
208
819
o6¢
9¢s
80ET
oo¢
&1
L19
L5Y

ost
00¢
oor
ost
ose
032
673
611
28t
97
1394
os€
029
s62
601
81
8301
e
259
Si8

er9
ovot

262
0s9
9¥9l

134
v08
sse
194
199 ]
A 41
99y
69
oeet
gse
oSt
IR 7]
1394

ost
ocre
Siy
ose
ost
ree
oss
49

96

Siy
173

ore
sse
102
003
679
E77]
vee
€6V
ose

0ss
3601
€5
20€
9¢9
1,61

15

61¢
1444
voL
1£47
(174
6£S
DELl
ose
0st
ery
1247

u.u.u.u.u.u.u.u.uu.u.u.u.u.u.u.uu.u.u.u.u.u.u.u.u.u.uu.u.uu.u.u.uuuu.uu.n.

0c0YL CoovL
00599 00599
55,91 005 8%
00599 00599
000vL (59,0} 7]
00699 00599
[£.5.9°29 0058S
00092t 000921
0os2it 0os21t
005656 00566
000921 o921
oGseis (5 5. T4
00566 00566
005211 Gos2it
Go0321 000321
00521 005211
00566 05566
GOO851 0O08G1
00596 G596
Goase Goos8
05851 000801
00596 060596
00058 G00S8
06596 00596
G05801 005801
00596 00596
0oo58 00058
5511 7% 1551 7%
00599 66599
GO0S8S 005 8S
000vL Goorve
066599 65599
0G5 8S 0058S
65599 056599
0Gor2 sisin) 7%
G0S99 060599
GGS8S 0GS8S
60049 0Ga.19
65049 00049
00086 066086
05086 0G086
Wl NY3I
$3SS3uis

V.Ivd dN9ILVd T99LS

115626860206€0
11662686020£0
11562686020¢0
1166188602050
11561886020€0
110618960206£0
11561886020€0
81061686620€0
21561686026€0
816616560200
81062686020¢0
81562686520¢0
81562686020¢0
8156188602650
8156618865200
8166188652050
810618860200
815616860200
8156168652050
81061686G620¢0
81562686020¢0
81662686020¢0
810562686520¢0
810618865200
810561886520¢0
81061886020¢0
81061886020¢0
0106168602G¢€0
016616860200
G1061686520¢€0
01562686026¢0
01062686020£0
01062686020¢0
010618860626¢€0
01061886020¢€0
01061886020¢0
01061886020¢0
11062686210¢€0
1106189621580
81062686210¢€0
81061886210€0

1 SR 31
NOIL141%0833

2€
28
2€

28
2€
2€
22t
2€
25
2¢
2%
2t
2¢
2
2€
22€
22¢
2€
22€
28
2¢
2€
2€
25
2€
2¢
2€
2€
22z
2¢
2¢
L2
22¢
2¢
2
2¢
2€
L2t
28
2¢

$9.02
9.02
€902
29.02
19:.02
09,02
65.02
ss.02
25102
9s:02
SSi02
rsLo2S
£€5.02
2502
1S.02
05402
6702
svL02
Lvi02
9vLi0R
(3 21:-4
1 g 711
€0
2vio2
r.02
oreo2
6802
8€L02
4202
9tL02
$€202
v€L02
€€202
2€402
€02
0£402
62L02
82,02
L2L02
92.02
$2.02

LETS

98



261
261
092

006¢
00s¢€
0001
000t

08¢0l
0092
00se

891
661
444

02961
02091
osstiy
02901
002re

09621

(1742214

006¢
aore
0oLt
osee

00se
oove
o0g0se
11781 4

oo192

c20se
09519
0oss8ri
61
€02
SOt

00031

0888t
o281
or8is
08661
o2ive

oz2zrt

02roe
00801

ogsee
09£202
1£8¢€2
osrge
29¢2t
86522

0oay
0009t

000981

0gse
0022
voee
oysee
0818t
oreie
o812
poeege
0206
09982
114
o081
SEY

ooggee
0006v
0006
ooge
ogese
00121
02829
0818t
ooreoe
0000001
0002001
0000007
0000003
0311t
0000003
000G00%
08601
LE€€T
o6ve
6696
28591
0069
oore
000t
osee
092181
00008
00008
ogie
06089
8.22
[e1:13 44
00681
ovsel
00681
o2rie
oocYit
09110t
991

1134

1114

($) J3IN34SNS W (4) J371v4 - vivd

o o T TS U TR "R, J PO P VU PR VU P U A I U U N T P N TV, N TR U PO P PR PR P P T

000%S
000€9
00022
SIvO
osLis
G062
0sL1S
006L2
0SL1S

00622

0sLis
00622

0SL1$
00622
000sS
000s9
oosee
oosete
SIvO
SIvO1
SIvo

00099
00022
00088
‘dWY 379VINVA
0s2€9
ooive
0see9
cotire
0s2e9

ootre

0s2e9
ooive

0s2¢9
ootve
000s9
000S9
oos2e
oosze
“dHY 3TGVINVA
“dHY 3TGVINVA
“dWY 3TGVINVA
*dHV 3T9VINVA
0oo0te

“dWY 3TGVINVA

SIVOT “dWY 3TEVINVA
SIVOT “dWY ITGVINVA
SIVOT “dAWY 3ITEVINVA
000vS 00099
00262 0os8se
00192 0061¢
00262 008s€
o092 0063¢
oosze oosze
oosee oose2
000%2 0oorL
00599 00s99
00s8s 00s8§

“4v NY3IH

$3sS3uS

VLIVd ANOILVA TAALS

0165985¥L5€52
016598sv268£S52
01659857L5€62
2160968652071
9166168652073
9160968652071
91£6168652071
91€0968652071
9166168652071

9160968652071

9166168652071
9160968652071

9156168652071
91£09686520v1
¥16616865207
¥166168652071
¥160968652071
¥160968652071
¥162968652071
¥160968652071
2162968652071
2160968652071
0162968652071

0162968652073
0160968652071
1160968652073
1160968652073
0166168652071
9160968652071
9160968652071
9160968652071
9160968652071
0160968652071
0160968652071
11061686020€0
11061686620¢€0
11061686020£0

L3 S 411
NOIL1d41¥0830

€I
€I
€1
12¢
12e
12¢
12e
12¢
i2¢

12e

12¢
12¢

12¢
12
12
12¢
12¢
12e
1ee
iee

12¢

1ee
12¢

1144
12¢
12
1 24
1244
1e¢
12¢
12¢
12¢
12¢
12¢
28
2
28

43y

20802

66.02
86.02
26202
96,02
s6.02
reL02

£6202

26202

06202
68202
88,02
28202
98.02
S$8.02
8,02
€8.202
28.02
18202
08.02

62402
82,02
22202
92202
2402
veL102
€2402
21402
2002
0LL02
69.02
89.02
49.02
99402

Wall

99



£re

v

81¢ 202

€82

00001

oogrite

soe
2ie
028y
244
e

62t
2€
sse
17237
005
20€
o2y
902
19¢
0008
060001
00071t
00ors
00092
00181
ooort
0ooove
oGior
Gcoo2y
0G00¢
00093
0000t

000921
000452
ooote
0002
0006562
oooes
00080<E
0000%
oo1s

282
1ee
102
1492
45¢€
492
982
8ri

s61
erel
8€s
oge

134
vl
282
ool
0002t
00001
0o01E
gaove
00081
oo0Z1
000101
0000y
00092
00asv
0aots
0008
GootT1101
000t1T10T
ooosy
00062
000¢€?Y
ooo68et
ooaze
00091
00091
000S

(PO PO P PO PUR P U PR PR I TV T U TV P U T P PR R IO R MY U Y M I T U TS T VU TR T TR R TR T

00091507 0ODOOOOT €
00091507 000CO00Y 4

(S) QJ3IN34SNS O (4) d37Ivd - wivd

00001 000021
06o0LT 00001
00004t 0090413
000s21 0o0s2t
0G0sSt GOo0ss1t
000sS 1T 000SST
000021 00003
00001 000041
0600413 GG0o0Lt
0000t 0000L3
000s2t 0ooset
000sS1T 000sStT
000sS T 000sSt
0o0aLt 0000LE
0ocaLe GOO0LE
000021 00003
os41s 0s2es
0S209 osere
09549 ogsee
0cosY 0040SS
oosey 0GsSo9
000vsS 00099
00S8S 00StTL
ogsey 00s0S
00s8S 1119 9%
ocasy 000SS
0pors 00099
0009 00022
o002 00088
00s6Y 00s0s
000¥S 000ss
000€9 00022
00022 0c088
0Gsor #1519 4
00osY 000sS
000vS 00GSS
000€9 00C22L
00SS¢ 00s€6
0osoY 00s6Y
el NV
$3SS3US

VLVva ANOILVA THHLS

0165985v51€52
01€5985¥S LSS
01£5985Ys1I€Se
0165965¥S1€S52
016596575152
ores965¥51ESe
0165965¥751€52
01€S965¥51€s2
0165985¥s1€52
01£5985¥s1€se
0165965¥S1€se
0165965¥S1€S2
OT€S965¥SIESS
0165365¥S1€52
01£5965¥51€Se
0165985¥S1€S2
0165985 VOEYSS
0165985v0EvSe
016598Ssv0EvSeS
0165965v0EYSeS
0165965v0EYSe
016596Sv0EPSS
0165965S¥OEYSe
016598SvOEYSe
016598SvGEYsSe
0165965¥25€52
0165965¥25€52
0165965¥25852
0165965¥25€52

0165985v25€Se
0165985¥25€52
0165985¥25€52
0165985v25€52
0165965¥.5€62
0165965v25¢€52
0165965¥vL5¢€62
C165965v.5€62
0165965¥L65€52

o165985s¥L5€62

13 SRR 42 1)
NOI141¥2833

44
£I€
€i€
£Ic
g€
€ic
£I€
4 44
€I
£I€
4 4
£1€
£i€
€I
443
£1€
1 94
1443
€I
€1e
€1€
123
€€
{234
4 4
€ie
1 33
€1i¢
1943

€1ie
1 4
€i¢
1 244
cie
1 43
g1
i€
€1

£is

4

1447404
orege
6£802
8c802
1£802
9£802
SE802S
reeoe
£€802
2¢80e
€802
ocso2

82802
22802
92802
s2s80e
v2e0S
€280

12802
02802
61802
81802
41802
91802
sisce
visgoe
£1802

21802
11802
o1802
60802
80802
40802
90802
0802
y0802

<0802

Will

100



oe2erel

oti9g2

oecsvl

060711

065981

oivist

0g6822

ogies

13827

osvE0s

ooive

02838

o622ttt

09598

gseert

orisot

0S036

6o9¢02

aziese

022eLs

ogi62t

ostie

062yl

029611

Os6v9

0SSe9t

03¥0S

O6TILT

ovisol

o1€291

oi6¥vit

008161

09€esSt

ovecs

oIs6eLt

0ooEve

osciLl

0S60S

0g96¢

0S6¥9

00s20t

olveet

ovsict

overvl

0Lsv8el

o9riIL2

00086

02201

ogevve

o8ci6l

o29:82

1] 4%:131

0090L

000se

06229

0986Y

0s821t

0.0892

0s2sse

020601

osisse

o8so¢e

oveoee

gi6162

081511

09612

0¥29§

0SS61T

0£26S

08659

ooezce

osrere
00ssOt
oieore
0L126
018108
0¥3s9
ooreet
0€089
096082
09908
p2Lsse
060671
000581
ovorLi
06056
overLl
GOS191
00sse
096£6
0L€0S
0s91s
ossset
05296
o616Y
030201
06112
0€18s
cossll
000%L
002€081
00s8¢
ooLe22t
002202
00081
0oLty
18§

147

14

89

L16€
111

088¢02
osé6sve
06606
0se8st
0250¢
oYl
02206
osge2e
661512
098¢r2
098.6
oe2iie
061891
010811
06€98
0081€l
0S5S6
09251t
098.6
08819
ovz2oe
ossiie
0029§
0988L
000s8
009S$
09ves
00LEES
0oL211
0o02¢ee82
oco2ret
oocLvy
00ov8t
00268
0015y
089

85

4

9¢

26¢
451

(§) Q3CN34SNS ¥ (4) d37Ive - wivd

VIVd ANIOILVA TAALS

{ P TV PR TV P U PR PR PR R P Y U PO U S Y TV PO U U S U "N TV TR P T U S U S P TU PR "N P "R TR TR TS

0002t 009s 3
00021 00§13
0002t 009651
0oa2t 0095t
0002t 0095t
00021 00951
0002t 00953
0002t 009S T
06521 009s T
00021 0095t
0002t 009S1
00021 009S1T
00021 00953
0002t 00951
osast osest
00s21 0os.t
GO0S?t 000S1
00002 00002
000st 000s1T
00002 00002
0008t 06081
000st 0o0s 1t
000s2t 0o0set
coooLt 000021
000021 000021
000021 000041
000SS 1T 000SsSt
000ss1T 000ss1t
b i NY3H
$3SS3NLS

010610692€1€10

01561092€1£10

01061092€1£10

O10631092€1€10

0I061092¢€1£10

DIG61I092E1€10

01061092€1€10

01061092€1€10

03061092€I£10

01061092€1€10

01061092€1€10

01061092€1£10

01661092€1€10

O1061092€1€10
0166106605410
0106106605210
0106106605210
0166106605210
0106106605210
0106106605210
6106106608210
0106106605210
0165985¥SIESe
o165985¥s1ESe
01€598sv51€S2
oles98srsIEse
0166986751€62
o1Es98sYSIEse

13 SEER 4111
NOI1d1¥I$30

1144
Ice
131
1434
ic€
1411
I€e
113
ice
133
1343
1334
133
1334
€€e
€€
€ee
1333
€ee
c€ee
1343
€ee
€I
€I
€€
£ic

1234
€It

43y

£8902

28802

ige0S

64802

82802

9,802

Si802

rL802

12802
$5602
rseo2
€s802
26802
15802
0se02
6v802
-3 4:]0
Lv802
9v802
sv802
rve02
€re02
2v802

L RPN

101



062.01

g29eri

og6LLe

0589
oG12
oosuLt
0oLt
ooty
0osaL
(11709
00599
0019¢
00021
sir=04-}
00¢c6t
0o6¢
052t
00926¢
oorey
GO
0ost
00.¢81
008SS
00gst
ooty
00926¢
001¢6
oooge
0GL6
002611
OEYoEl  OL¥9ST  086.01
ooéeree

($) J3IN34SNS ¥ (4) I3TIve - vivd

VIVA AINOILVA TAALS

o029
0o52
(reA984
00.61
0ost
00958
00953
onLS
09362
00¢6
5 07R- 194
0096
0ooe
oottt
0o121¢
ooy
000L
0522
Go00¢ET
GO1LS
oorel
008y
GG829Y
00¢08
0or0e
0096
o980l
ol8L82
119134

[ TV TV T VR VG PR PSR PV TV VR PR U VIR P T VU VO T P P T TV VU TR PR PR TR PR TS

50512 0000y
5.1} 3 G000
15,502 GGOo0Y
005012 Goo0Y
(1.5.5] 43 elsals) 4
00011 G000y
goo12 0000y
(5. 527) $4 5151} 4
00012 GoooY
0051¢ 0000y
G009 00G0ov
0GotTe 0000Y
s 0.0} T4 0000y
Goo1E GGGoY
0008 0GooY
GO011 als]sls) g
Goote 0000Y
0Go01¢€ 0000¥
0009 0ocoy
GooIt s]slaln) 4
00012 slsla]e] 4
0001€ [s]als]s) g
G009 alslvle) 4
00C11t 0000
0Gote ooooY
0GoIgE ooooy
00021 00961

pal NV3W

$3SS3ulS

9165956265207v0
91659626520v0
01659626520v0
01659626520v0
616596265205¥0
91659826520v0
916598265200
91659826520v0
016$9826520¥0
01659826520v0
91659626520v0
9165962652070
91659626520%0
91659626520¥0
0165962652G¥0
01659626520v0
01659626520¥0
01659626520%0
91659826520¥0
9165982652070
9165982652070
91659826520%0
01659826520¥%0
01659826520%0
0165982652070
01659826520%0

01061092¢€1¢€10

1 3 S 4% 4
NOIL41%3831

20¢€
20¢
20¢
20¢
20¢
2o¢
20¢
20¢
20e
20¢
20¢
2o¢
20¢
2G¢e
20¢
20¢
2o¢
20¢
20¢
20¢
e0e
2o¢
20¢
20¢
2ot
20¢

€€

43y

11602
otece

206602
90602
s0602

€o602
20602
10602

66802
86802
46802
96802
$6802
v6802
£6802
26802
16802
06802
68802
88802
48802
98802

8802

WaLl

102



LIST OF FATIGUE DATA REFERENCES

Titanium

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212,

Determination of Design Data for Heat Treated Titanium Alloy Sheet, Volume 3:
Tables of Data Collected, ASD-TDR-62-335 volume 3, Lockheed-Georgia Co.,
May 1962.

J. L. Christian and A. Hurlich, Physical and Mechanical Properties of Pressure Vessel
Materials for Application in a Cryogenic Environment, Part II, ASD-TDR-62-258
part 11, April 1963.

Anonymous, Fatigue Properties of High Strength Titanium and Stainless Steel
Sheet Alloys, Titanium Metals Corporation of America, EFE, January 1960.

Anonymous, Fatigue Characteristics of the Ti-5A1-2.55n and Ti-6AI-4V Titanium
Sheet Alloys, Titanium Metals Corporation of America, 1963.

W. Illg and C. B. Castle, Fatigue of Four Stainless Steels and Three Titanium Alloys
Before and After Exposure to 550°F (561°K) up to 8800 hours, NASA TN D-2899,
July 1965.

L. A. Imig and W. lllg, Fatigue of Notched Ti-8AIl-1Mo-IV Titanium Alloy at Room
Temperature and 550°F (560K) with Flight-by-Flight Loading Representative of a
Supersonic Transport, NASA TDN-5294, July 1969.

Fatigue Strength Evaluation of Titanium Materials for the Supersonic Transport under
Flight-by-Flight Loading Spectra, Technical Report SST-66-2, Lockheed-California
Co., January 1966.

M. Aarnes, Fatigue Testing of Metallic Alloys for Hydrofoil Structure, document
D2-9739, The Boeing Company, May 1961.

F. R. Schwartzberg, et al., Determination of Low-Temperature Fatigue Properties
of Aluminum and Titanium Alloys, NASA-CR-63-29, July 1963.

M. S. Healy, et al., The Fatigue Behavior of Materials for the Supersonic Transport,
NASA CR-215, Battelle Memorial Institute, April 1965.

A.J. McCulloch, M. A. Melcon, and L. Young, Fatigue Behavior of Sheet Materials
for the Supersonic Transport, Volume I—Summary and Analysis of Fatigue and
Static Test Data, AFML-TR-64-399, volume I, January 1965.

A. J. Hatch, Direct Stress Fatigue Testing of Ti-6Al-4V, Ti-4Al-3Mo-1V, PH15-7Mo
and AM355 Sheet, Titanium Metals Corporation of America, Technical Department,
project 48-22, MRD No. 64, July 20, 1959.

Unpublished Boeing Company Structures Laboratory data, 1965/1966.

103



104

213.

214.

2135,

216.

217.

218.

219.

220.

221.

222,

223.

224.

223,

226.

2277,

228,

229,

230.

231,

232.

233.

John J. Peterson, Fatigue Behavior of AM-350 Stainless Steel and Titanium-8Al-1IMo-1V
Sheet at Room Temperature, 550°F and 800°F, NASA CR-23, May 1964.

D. N. Gideon, C. W. Marschall, F. C. Holden, and W. S. Hyler, Exploratory Studies of
Mechanical Cycling Fatigue Behavior of Materials for the Supersonic Transport, NASA
CR-28, Battelle Memorial Institute, April 1964.

E. F. Deesing, Investigation of Spotwelding Characteristics of Titanium Alloys,
NAMC-AML-1319, November 1961.

Unpublished Boeing Company Structures Laboratory data, 1964.

Unpublished Boeing Company Structures Laboratory data, 1963.

Unpublished Boeing Company Structures Laboratory data, 1963.

Unpublished Boeing Company Structures Laboratory data, 1963.

Unpublished Boeing Company Structures Laboratory data.

Unpublished Boeing Company Structures Laboratory data.

J. K. Childs and M. M. Lemcoe, Determination of Materials Design Criteria for 6Al-4V
Titanium Alloy at Room and Elevated Temperatures, WADC Technical Report 58-246,
August 1958.

Unpublished Boeing Company Structures Laboratory data.

Unpublished Boeing Company Structures Laboratory data.

Unpublished Boeing Company Structures L.aboratory data.

Unpublished Boeing Company Structures Laboratory data.

Unpublsihed Boeing Company Structures Laboratory data.

Unpublished Boeing Company Structures Laboratory data.

Unpublished Boeing Company Structures Laboratory data.

Unpublished Boeing Company Structures Laboratory data.

Unpublished Boeing Company Structures Laboratory data.

F. B. Stulen, J. H. Redfern, and W. C. Schulte, An Approach to Metal Fatigue, NASA
CR-246, June 1965.

J. J. Peterson, Fatigue Behavior of Ti-8Al-IMo-1V Sheet in a Simulated Wing Structure
Under the Environment of a Supersonic Transport, NASA CR-333, November 1965.



234.

235,

236.

Steel

301.

303.

304.

303.

306.

307.

308.

309.

310.

311.

L. Bakow and L. Young, Fatigue Test Results of Typical L2000 Fuselage Longitudinal
Joints, A-286 Rivets in Titanium 8-1-1SMP Sheet, report 20121, (FA-SS-66-7) Lockheed
Aircraft Corp., August 1966. ’

Unpublished Boeing Company data, 1966.

Unpublished Boeing Company data, 1965.

F. H. Vitovec and B. J. Lazan, Fatigue, Creep, and Rupture Properties of Heat
Resistant Materials, WADC Technical Report 56-181, August 1956.

C. D. Bass and C. L. Harmsworth, Fatigue, Tensile and Creep Properties of 17-7PH
TH1050 and AM 350 SCT Sheet, AFML-TR-69-131, March 1970.

H. J. Grover, W. S. Hyler, and L. R. Jackson, Fatigue Strengths of Aircraft Materials,
Axial-Load Fatigue Tests on Notched Sheet Specimens of 24S-T3 and 75S-T6
Aluminum Alloys and of SAE 4130 Steel with Stress-Concentration Factor of 1.5,
NACA TN 2639, February 1952.

S. O. Davis, Elevated Temperature Fatigue Properties of D6AC High Strength Steel,
ASD-TDR-63-645, October 1963.

R. G. Caton, Development of Axial Fatigue Data Using Variour K, Factors, for
Vacuum Arc Remelt and Airmelt 4340M (BMS 7-26) Steel, document T6-5252,
The Boeing Company, February 1968.

R. F. Brodrick, Fatigue and Dynamic Creep of High-Strength Steels, ASD-TDR-62-480,
August 1962.

H. A. Leybold, Axial-Load Fatigue Tests on 17-7 PH Stainless Steel Under Constant-
Amplitude Loading, NASA TN D-439, October 1960.

R. C. Whiting, Material-SAE 4335 (Modified)—Steel Process Control and Mechanical
Properties—Development of, report FCT-1659, General Dynamics Corp., Fort Worth,
Texas, May 1960.

W. Illg and C. B. Castle, Axial-Load Fatigue Properties of PH 15-7Mo Stainless Steel
in Condition TH 1050 at Ambient Temperature and 500°F, NASA TN D-2358,
July 1964.

W. lllg, Fatigue Tests on Notched and Unnotched Sheet Specimens of 2024-T3 and
7075-T6 Aluminum Alloys and of SAE 4130 Steel with Special Consideration of the
Life Range From 2 to 10,000 Cycles, NACA TN 3866, December 1956.

105



312.  F. H. Vitovec, Fatigue, Creep, and Rupture Properties of the Alloys Udimet 500,
Hastalloy.R-235, and GMR-235, WADC Technical Report 58-340, October 1958.

313.  R. L. Jonesand F. C. Nordquist, An Evaluation of High Strength Steel Forgings,
RTD-TDR-63-4050, May 1964.

314.  H.J. Grover, S. M. Bishop, and L. R. Jackson, Fatigue Strengths of Aircraft Materials,
Axial-Load Fatigue Tests on Notched Sheet Specimens of 24S-T3 and 75S-T6 Aluminum
Alloys and of SAE 4130 Steel with Stress-Concentration Factors of 2.0 and 4.0,
NACA TN 2389, June 1951.

315. W. Weibull, Static Strength and Fatigue Properties of Threaded Bolts, report 59,
The Aeronautical Research Institute of Sweden, May 1955.

316.  Unpublished Boeing Company Structures Laboratory data, 1970.

317.  A.J. Hatch, Direct Stress Fatigue Testing of Ti-6A1-4V, Ti-4Al-3Mo-1V, PH15-7Mo
and AM355 Sheet, MRD No. 64, Titanium Metals Corporation of America, July 1959.

318. D. N. Gideon, C. W. Marschall, F. C. Holden, and W. S. Hyler, Exploratory Studies of
Mechanical Cycling Fatigue Behavior of Materials for the Supersonic Transport,
NASA CR-28, April 1964.

319.  J.J. Peterson, Fatigue Behavior of AM-350 Stainless Steel and Titanium SAl-IMo-1V
Sheet at Room Temperature, 550°F and 800°F, NASA CR-23, May 1964.

320. W.Illgand C. B. Castle, Fatigue of Four Stainless Steels and Three Titanium Alloys
Before and After Exposure to 550°F (561°K) Up to 8800 Hours, NASA TN D-2899.
June 1965.

321.  A.J. McCulloch, M. A. Melcon, and L. Young, Fatigue Behavior of Sheet Materials
for the Supersonic Transport, AFML-TR-64-399, volume I, January 1965.

322. M. S. Healy, C. W. Marschall, F. C. Holden, and W. S. Hyler, The Fatigue Behavior of
Metals for the Supersonic Transport, NASA CR-215, April 1965.

323.  C.S. Carter, Evaluation of a High-Purity 18% Ni (300) Maraging Steel Forging,
AFML-TR-70-139, June 1970.

324. H.F. Hardrath, C. B. Landers, and E. C. Utley, Jr., Axial-Load Fatigue Tests on
Notched and Unnotched Sheet Specimens of 61S-T6 Aluminum Alloy, Annealed
347 Stainless Steel, and Heat-Treated 403 Stainless Steel, NACA TN 3017.

325.  H.J. Grover, S. M. Bishop, and L. R. Jackson, Fatigue Strengths of Aircraft Materials—
Axial—Load Fatigue Tests on Notched Sheet Specimens of 24S-T3 and 75S-T6
Aluminum Alloys and of SAE 4130 Steel with Stress Concentration Factor of 5.0,
NACA TN 2390, June 1951.

106



326.

327,

328.

329.

330.

331.

332,

333.

334.

335.

336.

337,

338.

339.

340.

341.

C. Pavloff, Fatigue Life Evaluation of Aircraft Bolts Tested at Frequencies Between
1800 and 12,500 CPM, preliminary Boeing test report D6-201 72TN, report I,
October 1969.

J. L. Christian, Physical and Mechanical Properties of Pressure Vessel Materials for
Application in a Cryogenic Environment, ASD-TDR-62-258, March 1962.

J. L. Christian and A. Hurlick, Physical and Mechanical Properties of Pressure Vessel
Materials for Application in a Cryogenic Environment, Part II, ASD-TDR-62-25 8,
part II, April 1963.

E. P. Phillips, Fatigue of Rene 41 Under Constant-and-Random-Amplitude Loading
at Room and Elevated Temperatures, NASA TN D-3075.

Anonymous, High-Strength Steel 9Ni-4Co, Processes and Properties Handbook,
DMIC.

D. Webber, The Effect of Time on Fatigue Strength of Mild Steel Load Carrying
Transverse Fillet Welds, technical note 7/66, Military Engineering Experimental
Establishment, Christchurch, October 1966.

J. L. Christian, C. T. Yang, and W. E. Witzell, Physical and Mechanical Properties of
Pressure Vessel Material for Application in a Cryogenic Environment, yearly summary
report GD/A 63-0818-3, General Dynamics Astronautics, May 1964.

L. A. Harris, G. E. Nordmark, and N. M. Newmark, “Fatigue Strength of Butt Welds
in Structural Steels,” Welding Journal, supplement V.34, January 1955.

Unpublished Boeing Company Structures Laboratory data, 1969.
Unpublished Boeing Company Structures Laboratory data, 1969.
Unpublished Boeing Company Structures Laboratory data, 1970.
Unpublished Boeing Company Structures Laboratory data, 1970.
Unpublished Boeing Company Structures Laboratory data, 1970.
Unpublished Boeing Company Structures Laboratory data, 1970.
Unpublished Boeing Compnay Structures Laboratory data, 1970.

Anonymous, Tensile Fatigue Test of Welds on 4130 Steel, report 8875, serial number
22, McDonnell Aircraft Corporation, July 1962.

107



—Unclassified

Security Classification

DOCUMENT CONTROL DATA -R& D

(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified

1. ORIGINATING ACTIVITY (Corponto author) 28. REPORT SECURITY CLASSIFICATION
The Boeing Company, Commercial Airplane Group Unclassified
P.O. Box 3707, Seattle, Washington 98124 sl

3. REPORT TITLE

DEVELOPMENT OF TITANIUM AND STEEL FATIGUE VARIABILITY MODEL FOR APPLICATION
OF RELIABILITY ANALYSIS APPROACH TO AIRCRAFT STRUCTURES

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Final Report—November 16, 1970 through March 15, 1972

5. AUTHORI(S) (First name, middle initial, last name)

I. C. Whittaker
6. REPORT DATE 7a. TOTAL NO. OF PAGES 7b. NO. OF REFS

October 1972 118 4
8a. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBERI(S)
F33615-71-C-1134

b. PROJECT NO. D6-60164

c. 9b. OTHER REPORT NOI(S) (Any other numbers that may be assigned

this report)
d.

10. DISTRIBUTION STATEMENT

Approved for public release; distribution unlimited.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Air Force Materials Laboratory (LLN)
Wright-Patterson Air Force Base
Ohio, 45433

13. ABSTRACT

An investigation of the fatigue performance test scatter in titanium alloys and steels has been
made with the intent of identifying their variability in terms of a distribution and its shape
parameter. The two-parameter Weibull distribution was selected for matching the fatigue variability
of these two materials. About 1200 groups of titanium alloy and 800 groups of steels were collected
and analyzed to determine the feasibility of establishing a typical distributional Weibull shape
parameter for these materials. A Weibull distribution shape parameter of 3.0 is suggested for
titanium alloys and those steels with a 240-ksi strength level or less. Steels having greater than a
240-ksi strength level seem better represented by a shape parameter of 2.2. In a further study, the
choice of a distribution most aptly matching fatigue variability was explored with the use of
previously collected extensive aluminum alloy and the titanium alloy data. The behavior of these
data was compared to that of equivalent log-normal, two-parameter, three-parameter, or a devised
“symmetric” Weibull distribution. Monte-Carlo simulation was used to form empiric distributions
from parent analytical populations. These distributions were then compared to the distributions of
the collected fatigue test data, keeping the simulated data group sizes and number of groups the
same as those for the test data. No appreciable difference between data and the selected equivalent
theoretical distributions is evident for probabilities of failure in the range of 0.05 to 0.95. For a
failure likelihood less than 0.05 the Weibull distribution seems more representative of the data
extremes.

DD.3V..1473

Security Classification

109



Unclassified

Security Classification

KEY WORDS

LINK A

LINK B

LINK C

ROLE

WT ROLE WwT

ROLE WwT

a. Reliability

b.  Structure

c. Fatigue

d. Crack initiation

e. Crack propagation
f.  Distribution

g. Mean

h. Shape parameter

i.  Scale parameter

110

wU.S.Government Printing Office: 1973 — 759-490/314

Security Classification




